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FOREWORD 


This  final  technical  report  on  the  development  of  the  Frangible 
ARCAS  rocket  vehicle  system  summarizes  the  efforts  of  Phase  HI  of  a  three- 
phase  program  to  develop  and  demonstrate  the  feasibility  of  a  frangible  mete¬ 
orological  rocket  vehicle  through  systems  flight  test  evaluation.  This  report 
is  submitted  pursuant  to  the  requirements  erf  Contract  No.  AF  19(628)- 4033, 
dated  15  April  1964,  under  which  the  program  was  conducted  for  the  Air 
Force  Cambridge  Research  Laboratories,  Office  of  Aerospace  Research. 

Phases  I  and  n,  development  of  the  glass  filament  wound  motor 
case  and  other  major  systems  components,  were  conducted  under  the  Bureau 
of  Naval  Weapons  Contract  NOw  62-1106-c  between  September  1962  and 
March  1963.  These  phases  were  documented  in  Progress  Reports  1  through 
5  entitled  "Qualification  ,  Documentation,  Development  and  Delivery  of  EX  6 
*"‘CAS  Systems."  Phase  DDE,  conducted  between  April  1964  and  December 
j,  is  documented  in  monthly  Progress  Reports  1  through  16  entitled 
"Frangible  ARCAS  Meteorological  Rocket  Feasibility  Program." 

The  author  acknowledges  the  sincere  cooperation  of  those  individ¬ 
uals  who  contributed  to  the  successful  completion  of  the  Frangible  ARCAS 
program  including  Messrs.  Robert  Leviton,  John  Wright,  George  McLean  and 
USAF  Captain  Thomas  Smith  of  AFCRL,  Dr.  Thomas  C.  Poulter  of  Stanford 
Research  Institute  and  personnel  of  the  Pacific  Missile  Range,  as  well  as 
numerous  members  of  the  Atlantic  Research  Corporation  organization. 
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ABSTRACT 


Development  of  the  Frangible  ARC  AS  vehicle  and  its  explosive 
fragmentation  system  were  successfully  completed  and  demonstrated  during 
this  program.  Of  the  seven  static  firings  conducted  with  the  flight  design 
rocket  motor  during  Phase  in,  all  were  successful.  Two  of  these  static  tests 
included  successful  fragmentation  of  the  spent  rocket  motor  assembly  to  par¬ 
ticle  sizes  yielding  impact  kinetic  energy  levels  well  below1  the  10  ft- lb  limit 
specified  for  the  program.  Impact  kinetic  energy  levels  less  than  3.0  ft-lb 
were  achieved  using  an  unshaped  explosive  charge  in  the  forward  section  of 
the  vehicle  and  0.042 -inch- thick  sheet  explosive  overwrap.  Further  analysis 
of  the  system  showed  that  fragmentation  to  levels  of  1.5  ft-lb  or  less  could 
be  achieved  using  the  same  explosive  configuration  with  only  minor  modifica¬ 
tion  of  the  nozzle  section. 

The  program  included  four  f light  tests.  Two  Frangible  ARCAS 
vehicles,  less  the  fragmentation  system,  were  successfully  flight  tested  at 
the  Pacific  Missile  Range  with  a  telemetry  payload  designed  to  monitor 
motor  case  skin  temperatures  during  flight.  These  two  diagnostic  flight  tests 
established  the  motor  case  skin  temperature  profile  required  to  finalize  the 
explosive  fragmentation  system  design,  demonstrated  successful  aerodynamic 
performance  of  the  basic  vehicle  and  allowed  determination  of  a  character¬ 
istic  drag  curve  for  the  vehicle  configuration  using  actual  fligtit  test  data. 

The  first  systems  flight  test  vehicle  was  launched  May  1965  and 
considered  a  "No  Test"  because  of  a  malfunction  of  the  PMR  modified  launch¬ 
er.  After  considerable  postponement  because  of  adverse  weather  conditions 
at  the  launch  site,  the  program  was  concluded  with  the  successful  flight  test 
of  the  second  and  final  systems  vehicle  in  December  1965.  The  major  objec¬ 
tive  of  the  program  was  achieved  with  this  successful  f light  test.  All  systems 
functioned  as  programmed  and  fragmentation  was  experienced  subsequent  to 
payload  deployment  at  apogee,  thereby  demonstrating  the  feasibility  of  a 
frangible  meteorological  rocket  system. 
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Todays  understanding  of  the  structure  and  state  of  the  earth’s 
atmosphere  is  the  result  of  major  developments  in  synoptic  meteorology. 

Ail  major  advances  in  this  science  have  resulted  from  technological  break* 
throughs  and  discoveries  attending  observation.  The  continuing  growth  of 
the  meteorological  network  has  introduced  the  foreseeable  requirement  for 
a  new  development  in  meteorological  rocket  technology;  namely,  the  ability 
to  carry  instrumented  payloads  to  altitudes  of  approximately  60  kilometers 
over  semi-populated  geographical  areas  without  inducing  undue  hazards  to 
human  life  and  property  by  the  spent  rocket  vehicle  or  related  failing  objects. 

Atlantic  Research  Corporation  began  investigation  of  the  feasibility 
of  a  frangible  vehicle  concept  to  satisfy  these  requirements  in  September  1962 
under  Bureau  of  Naval  Weapons  Contract  NOw  62-1106-c.  This  approach  to 
the  problem  consists  erf  fragmenting  the  spent  rocket  vehicle  assembly,  sub¬ 
sequent  to  payload  ejection,  to  sufficiently  small  particle  sizes  to  provide 
very  low  impact  kinetic  energy.  The  required  fragmentation  is  achieved  by 
means  of  an  explosives  system  contained  as  an  integral  part  of  the  vehicle. 
Development  of  the  vehicle,  designated  Frangible  ARC  AS,  continued  through 
March  1963  and  encompassed  the  development  of  most  of  the  rocket  motor 
hardware  and  vehicle  subsystems.  Program  funding  was  expended,  however, 
without  the  opportunity  to  evaluate  the  proposed  fragmentation  concepts. 

Additional  funding  was  made  available  in  April  1964  by  the  Air 
Force  Cambridge  Research  Laboratories,  Office  of  Aerospace  Research, 
under  Contract  No.  AF  19(628 )-4033  to  continue  the  Frangible  ARCAS  devel¬ 
opment  work  which  began  in  September  1962.  The  primary  objective  of  the 
Frangible  ARCAS  program  was  to  demonstrate  the  feasibility  of  a  frangible 
meteorological  rocket  system  comparable  in  performance  to  the  standard 
ARCAS  vehicle,  but  capable  of  self-induced  fragmentation  during  flight  sub¬ 
sequent  to  payload  ejection.  The  degree  of  frangibility  to  be  demonstrated 
by  this  program  was  specified  as  an  impact  kinetic  energy  of  10  ft-lb  or  less 
for  the  fragmented  pieces  at  their  terminal  velocity.  It  should  be  noted, 
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however,  that  the  magnitude  of  10  ft- lb  of  kinetic  energy  at  impact  was  arbi¬ 
trarily  selected  for  the  purposes  of  this  program  and  is  not  to  be  interpreted 
as  a  lethal  impact  energy  limit. 

The  design  approach  originally  selected  during  this  program  to 
achieve  the  required  fragmentation  capability  was  that  of  a  single  modular 
charge  to  be  located  in  the  forward  section  of  the  rocket  vehicle.  This  ap¬ 
proach  was  selected  because  of  the  advantages  afforded  by  its  simplicity,  but 
program  activities  were  designed  to  allow  modification  of  this  fragmentation 
approach  in  the  event  that  test  results  indicated  the  need  for  relocation  or 
addition  of  explosive  material  to  achieve  fragmentation  within  the  specified 
limits.  Subsequent  testing  and  evaluation  of  the  single  modular  charge 
showed  the  inability  to  fragment  the  center  section  of  the  motor  case.  Addi¬ 
tional  tests  incorporating  external  placement  of  linear  shaped  charge  and 
sheet  explosive  material  showed  improved  fragmentation  of  the  rocket  assem¬ 
bly,  with  sheet  explosive  providing  fragmentation  well  below  the  10  ft- lb 
impact  kinetic  energy  level.  Program  efforts,  beginning  in  August  1964, 
were  directed  primarily  toward  the  testing  and  evaluation  of  externally  placed 
sheet  explosive  material  in  combination  with  a  primary  explosive  charge  in 
the  forward  section  of  the  rocket  motor.  The  same  concept  utilizing  linear 
shaped  charge  in  lieu  of  sheet  explosive  was  evaluated  as  a  backup,  but  the 
sheet  explosive  material  was  found  to  provide  better  fragmentation. 

This  final  report  presents  a  characterization  of  the  Frangible 
ARCAS  vehicle  and  a  comprehensive  summary  of  the  development  of  the 
rocket  vehicle,  its  performance,  stability  and  flight  test  results.  The  report 
emphasizes  the  development  of  the  fragmentation  system,  a  major  objective 
and  requirement  of  the  program. 
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FINAL  REPORT 

DEVELOPMENT  OF  THE  EX  6  MOD  3  FRANGIBLE 
ARCAS  METEOROLOGICAL  ROCKET  VEHICLE 

I.  VEHICLE  SYSTEMS  DESIGN  AND  DEVELOPMENT 

The  Frangible  ARCAS  vehicle  design  was  based  largely  on  the  de¬ 
sign  of  the  standard  ARCAS  vehicle  since  its  performance  was  to  be  compa¬ 
rable.  The  vehicle,  therefore,  essentially  constituted  a  redesign  of  the  stan¬ 
dard  ARCAS  unit  to  provide  lightweight  components  to  maximize  vehicle 
performance  and  provide  structures  susceptible  to  explosive  fragmentation. 
The  development  of  most  of  these  components  and  subsystems  was  completed 
during  Phases  I  and  H  of  the  program.  The  efforts  expended  during  Phase  ID 
of  the  program  were  directed  primarily  toward  completion  of  component  de¬ 
velopment,  development  of  the  fragmentation  system  and  flight  test  evaluation 
of  the  vehicle. 

A.  VEHICLE  DESCRIPTION 

The  Frangible  ARCAS  rocket  vehicle,  shown  on  Figure  1,  incor¬ 
porates  a  glass  filament  wound  motor  case,  an  integral  canister  magnesium 
fin  assembly  and  the  standard  ARCAS  propellant  grain,  igniter  and  nose  cone. 
The  solid  propellant  grain  configuration  provides  thrust  over  a  relatively 
long  period  of  time  and  thus  minimizes  acceleration  loads.  The  end-burning 
technique  provides  a  greater  degree  of  conversion  of  rocket  thrust  into  vehi¬ 
cle  velocity  because  a  greater  portion  of  the  thrust  is  generated  in  a  less- 
dense  region  of  the  atmosphere  and  results  in  lower  drag  losses.  Because  of 
the  higher  loading  density,  this  technique  also  provides  the  smallest  vehicle 
for  a  given  performance  requirement  and  permits  the  use  of  a  slender  rocket 
which  provides  relatively  low  aerodynamic  drag. 

The  unit  contains  an  explosive  charge  between  the  rocket  motor 
headplate  which  is  initiated  by  a  mechanical  timer  unit  at  a  time  predeter¬ 
mined  and  set  prior  to  launch.  Initiation  of  the  primary  explosive  charge 


subsequent  to  payload  ejection  results  in  fragmentation  of  the  forward  section 
of  the  spent  rocket  motor  assembly  and  induces  sympathetic  detonation  of  the 
0.042-inch-tiiiek  sheet  explosive  material  attached  to  the  exterior  of  the  mo¬ 
tor  case.  Detonation  propagation  of  the  sheet  explosive  provides  fragmenta¬ 
tion  of  the  motor  case  and  fin  assembly.  Full-scale  static  firing/fragmenta¬ 
tion  tests  conducted  during  the  program  provided  fragmentation  of  the  rocket 
motor  assembly  to  impact  kinetic  energy  levels  of  less  than  10  ft-ib. 

A  photographic  description  of  the  Frangible  ARC  AS  vehicle  is  pre¬ 
sented  on  Figure  2.  A  comparison  of  the  Frangible  ARCAS  vehicle  with  the 
standard  ARCAS  is  presented  by  the  photograph  on  Figure  3  and  comparative 
dimensional  and  weight  data  are  presented  on  Table  I.  A  detailed  weight 
breakdown  of  the  Frangible  ARCAS  systems  vehicle,  less  payload,  is  shown 
in  Table  n. 

B.  SEQUENCE  OF  EVENTS 

The  sequence  of  events  from  launch  through  fragmentation  are  out¬ 
lined  as  follows  in  the  order  in  which  they  occur.  Upon  launch,  the  rocket 
motor  provides  a  sustained  thrust  for  a  period  of  approximately  30  seconds. 
As  the  propellant  is  consumed,  a  dimple  motor  incorporated  in  the  headplate 
is  exposed  to  the  hot  propellant  gases  in  the  rocket  chamber  during  about  the 
last  one-half  second  of  burning.  Upon  experiencing  a.>  elevated  temperature, 
a  pyrotechnic  material  contained  in  the  core  of  the  dimple  motor  tube  pro¬ 
vides  sufficient  pressure  to  form  a  convex  dimple  at  the  forward  end  of  the 
tube.  This  movement  imparted  by  the  dimple  motor  is  transmitted  by  a  push 
rod  to  the  mechanical  timer  unit  which  is  preset  to  eject  the  payload  at  apogee 
by  means  of  a  gas  generating  cartridge  activated  by  the  timer  unit.  At  a 
fixed  time  interval  of  20  seconds  after  payload  ejection,  the  primary  firing 
mechanism,  incorporated  in  the  mechanical  timer  unit,  initiates  fragmenta¬ 
tion  erf  the  spent  rocket  vehicle.  In  tee  event  teat  a  failure  is  experienced 
with  the  primary  fragmentation  initiation  system,  a  secondary,  independent 
initiator  armed  and  activated  by  changes  in  atmospheric  pressure  mil  initiate 
fragmentation. 
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The  vehicle  flight  events  sequence  is  presented  by  the  illustration 
on  Figure  4. 

C.  VEHICLE  DESIGN  AND  DEVELOPMENT 

Of  primary  importance  during  development  of  the  various  rocket 
components  was  the  maintenance  of  lightweight  structures  to  maximize  vehi¬ 
cle  performance  and  provide  components  susceptible  to  explosive  fragmenta¬ 
tion.  Presented  below  is  a  comprehensive  summary  of  the  development  of 
the  major  vehicle  components. 

Rocket  Motor  Development 

The  Frangible  ARCAS  rocket  motor  incorporates  a  glass  filament 
wound  motor  case  containing  a  tapered  Tayloron  5031*  insulator,  the  standard 
ARCAS  graphite  throat  insert  with  Tayloron  PA-6*  backup  insulation,  a  lami¬ 
nated  fiberglass  fceadplate  and  the  standard  ARCAS  propellant  grain  and  igni¬ 
ter.  An  illustration  of  the  rocket  motor  assembly  is  presented  on  Figure  5. 
Development  of  the  lightweight  fiberglass  motor  case  was  completed  during 
Phase  n  of  the  program,  during  which  time  static  firings  of  the  motor  at -50 
and  +130°  F  were  successfully  completed. 

Since  the  standard  ARCAS  propellant  grain  and  throat  insert  are 
incorporated  in  the  rocket  motor  design,  the  internal  ballistic  performance 
is  not  changed.  The  design  parameters  and  nominal  performance  ratings  of 
the  rocket  motor  at  an  operating  temperature  of  70°  F  are  summarized  below. 


o 

Nozzle  Throat  Area,  in  0.197 

Nozzle  Exit  Area,  in^  2.550 

Expansion  Ratio  13 

Average  Chamber  Pressure,  psia  975 

Average  Thrust,  lb  325 

Maximum  Chamber  Pressure,  psia  1080 

Maximum  Thrust,  lb  360 

Total  Impulse,  lb- sec  9400 

Burning  Time,  sec  30 

*  Taylor  Corporation. 
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A  nominal  thrust -time  curve  is  presented  on  Figure  6, 

Development  of  an  igniter  for  the  rocket  motor  was  precluded  by 
using  the  standard  ARC  AS  igniter.  This  pyrotechnic  igniter  incorporates 
5.0  grams  of  ignition  composition  which  is  initiated  by  a  1.0  amp  -  no-fire . 

3.5  amp  -  all-fire  105A  squib.  The  standard  igniter  resistance  is  1.0  to  1.3 
ohms. 

Although  the  motor  case  was  developed  during  Phase  n  of  Die  pro¬ 
gram,  additional  static  firings  of  the  rocket  motor  were  conducted  during 
Phase  III  to  evaluate  surface  temperatures  resulting  from  htat  transfer 
through  the  motor  case  wall.  The  requirement  for  these  data  were  foreseen 
in  the  event  that  external  placement  of  explosive  material  was  needed  to  effect 
adequate  fragmentation  of  the  rocket  assembly.  Seven  static  firings  of  the 
flight  design  filament  wound  motor  case  were  successfully  completed  during 
Phase  HI  of  the  program  in  as  many  attempts.  A  static  firing  summary  is 
presented  or.  Table  HI. 

Motor  case  skin  temperatures  were  monitored  during  two  of  the 
static  firings  for  150  seconds  after  motor  ignition,  which  was  the  predicted 
flight  time  prior  to  fragmentation.  The  thermocouple  locations  and  temper¬ 
ature  data  for  the  two  tests,  AFST-11  and  AFST-12,  are  presented  on  Fig¬ 
ures  7  and  8,  respectively.  As  observed  from  these  data,  the  greatest  effect 
of  internal  motor  temperatures  on  the  motor  case  skin,  due  to  heat  transfer 
through  the  wall,  was  experienced  subsequent  to  motor  burning.  The  change 
in  skin  temperature  along  the  length  of  the  motor  case  at  various  times  from 
rocket  motor  burnout  to  the  approximate  time  of  fragmentation  is  shown  on 
Figure  9.  These  temperature  data  proved  beneficial  during  development  of 
the  fragmentation  system.  A  comparison  erf  motor  case  skin  temperatures 
during  flight  with  the  static  firing  temperature  data  also  allowed  a  determi¬ 
nation  of  the  aerodynamic  heating  contribution  to  the  vehicle  temperature 
profile  in  flight. 

The  rocket  motor  headplate  was  redesigned  during  Phase  in  of 
the  program,  providing  for  a  significant  reduction  in  inert  weight.  This 


weight  reduction  was  accomplished  by  decreasing  the  flange  thickness  for¬ 
ward  of  the  O-ring  groove  and  "dishing"  the  headplate  as  illustrated  in  Figure 
10.  The  inert  weight  was  reduced  from  1.25  pounds  to  0.75  pound,  represent¬ 
ing  a  weight  reduction  of  40  per  cent. 

Since  the  headplate  was  designed  to  house  a  dimple  motor  which  is 
activated  by  rocket  motor  flame  temperature  near  motor  burnout  in  order  to 
start  the  mechanical  timer,  laboratory  pressure  tests  were  conducted  to 
determine  maximum  headplate  deflection  as  well  as  the  structural  integrity 
of  the  component.  Although  the  maximum  chamber  pressure  that  is  experi¬ 
enced  under  normal  operating  conductions  with  a  110°F  firing  temperature 
is  1350  psia,  the  headplate  was  pressurized  to  2000  psig  to  determine  struc¬ 
tural  integrity.  A  plot  of  maximum  headplate  deflection  as  a  function  of  test 
pressure  is  presented  on  Figure  11.  Although  the  weight  reduction  achieved 
by  the  Phase  m  design  resulted  in  about  twice  the  deflection  as  the  original 
design,  the  magnitude  of  deflection  (0.017  inch  at  1350  psig)  was  acceptable 
for  design  purposes. 

The  headplate  was  also  designed  to  provide  a  mechanical  interlock 
with  the  propellant  grain  assembly  by  means  of  an  overwrap  of  the  propellant 
inhibitor  as  illustrated  on  Figure  12.  This  method  of  propellant  retention 
proved  highly  successful  in  the  Sparrow-HV  ARCAS  vehicle  and  provides  po¬ 
tential  growth  for  the  system.  Laboratory  tests  show  this  configuration  to  be 
capable  of  withstanding  about  80g  longitudinal  acceleration  at  70°  F  before 
yielding.  This  propellant  retention  system  has  also  been  succecsfully  em¬ 
ployed  in  the  standard  ARCAS  vehicle. 

Fin  Assembly 

The  Frangible  ARCAS  fin  assembly  is  an  integral  canister  design 

manufactured  of  magnesium  alloy.  This  single  unit,  hollow  fin  assembly  is 

attached  to  the  rocket  motor  case  by  six  socket  head  cap  screws  as  shown  in 

Figure  13.  The  fin  design  consists  of  four  conventional  double-wedge  blades 

o 

with  a  55°  swept  leading  edge  providing  a  total  fin  area  of  119  in  ,  The  as¬ 
sembly  is  manufactured  by  forming  the  blades  in  four  quarter  section  panels 
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which  are  subsequently  welded  together  along  each  leading  edge,  tip  and  trail¬ 
ing  edge  to  form  a  single,  fixed  cant  fin  assembly.  The  primary  advantage  of 
this  type  of  fin  construction  is  that  the  blades  are  pre-set  for  a  particular 
roll  rate  which  precludes  the  necessity  of  fin  alignment  during  rocket  motor 
assembly. 

The  Frangible  ARC  AS  fin  assembly  was  adapted  to  a  standard 
ARCAS  vehicle  and  successfully  flight  tested  at  Eglin  Air  Force  Base  in 
April  1963.  This  fin  assembly  was  later  successfully  flight  tested  on  the 
Frangible  ARCAS  diagnostic  and  systems  vehicles  at  the  Pacific  Missile 
Range  during  Phase  III  of  the  program. 

Dimple  Motor 

Development  of  the  heat- activated  dimple  motor  was  accomplished 
at  Atlantic  Research  Corporation’s  Flare-Northern  Division.  This  device 
was  designed  to  initiate  the  mechanical  timer  unit  by  means  of  an  expanding 
dimple  chamber  upon  sensing  burnout  of  the  rocket  motor. 

A  total  of  sixteen  dimple  motors  of  the  final  design  configuration 
have  been  tested  under  conditions  that  permitted  post-test  evaluation.  Of 
these  units  tested,  only  one  failed  to  initiate.  This  failure  resulted  from  an 
insulating  coating  of  epoxy  on  the  pin.  All  other  units  performed  successfully. 
The  dimple  motor  configuration  is  shown  on  Figure  14.  A  post-test  photo¬ 
graph  showing  five  dimple  motors  in  the  expanded  position  is  shown  on 
Figure  15. 

Payload  Section 

The  payload  section  consists  of  a  parachute  container,  which  houses 
the  parachute  and  serves  as  the  forward  portion  of  the  vehicle  air  frame,  and 
the  standard  ARCAS  secant  ogive  nose  cone.  This  assembly  is  essentially  the 
same  as  that  of  the  standard  ARCAS  vehicle  except  that  the  parachute  assem¬ 
bly  was  modified  to  incorporate  a  nylon  lanyard,  a  leather  aft  closure  and  re¬ 
location  of  the  lanyard  attachment  point.  These  design  changes  were  effected 
to  substitute  components  in  the  parachute  assembly  that  would  perform  the 
same  function,  but  be  more  likely  to  provide  low  kinetic  energy  levels  upon 
impact. 
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The  parachute  is  prepacked  in  a  split  fabric  bag  contained  within 
an  outer  aluminum  barrel.  The  outer  container  is  attached  to  the  forward 
section  of  the  primary  module/retaining  sleeve  assembly.  The  nose  cone, 
with  an  interlocked  instrument  base  plate,  is  connected  to  the  forward  para¬ 
chute  closure  which  is  secured  in  the  barrel  by  three  aluminum  shear  pins. 
Separation  is  accomplished  by  expelling  the  inner  parachute  assembly  from 
the  barrel  by  piston  action  created  by  a  gas  generating  cartridge.  This  de¬ 
sign,  illustrated  on  Figure  16,  was  successfully  tested  in  conjunction  with 
the  separation  device. 

Payload  Separation  Gas  Generator 

The  Frangible  ARCAS  payload  separation  device  is  a  pyrotechnic 
gas  generating  cartridge  which  is  activated  by  a  mechanical  timer  unit  which 
initiates  a  percussion  primer.  A  sectioned  view  of  the  gas  generator  is  shown 
on  Figure  17.  The  cartridge  contains  a  charge  of  boron  potassium  nitrate 
pellets  and  has  successfully  ejected  full-scale  parachute  assemblies  with  a 
simulated  payload  weight  attached.  The  pressure- time  trace  produced  by 
this  gas  generator  in  the  free  volume  behind  the  payload  is  presented  on  Fig¬ 
ure  18  in  comparison  with  that  of  the  standard  ARCAS  vehicle  pyrogen  gener¬ 
ator  system.  As  evidenced  by  this  comparison,  the  maximum  expulsion  pres¬ 
sure  experienced  with  the  Frangible  ARCAS  cartridge  is  c  nsiderably  lower 
than  that  of  the  standard  ARCAS  generator.  This  difference  is  attributed  to 
the  greater  initial  free  volume  in  the  Frangible  ARCAS  configuration.  Al¬ 
though  the  magnitude  of  acceleration  experienced  during  payload  ejection  has 
not  been  monitored  with  the  Frangible  ARCAS  system,  the  resulting  pressure- 
time  history  indicates  that  the  shock  loads  experienced  are  less  than  those 
experienced  with  the  standard  ARCAS  vehicle.  It  should  be  noted,  hov/ever, 
that  the  reduced  pressure  peak  also  results  in  a  decrear  ed  payload  ejection 
velocity.  The  Frangible  ARCAS  system  imparts  a  relative  velocity  of  about 
35  to  40  ft/sec  to  the  payload  as  compared  to  about  55  ft/sec  for  the  standard 
ARCAS  system.  The  parachute  ejection  tests  conducted  during  the  program 
and  previous  ARCAS  history,  however,  show  that  this  velocity  increment  is 
sufficient  for  successful  parachute  deployment. 
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A  pyrogen  gas  generator  incorporating  the  standard  ARCAS  propel¬ 
lant  grain.  Figure  19.  was  successfully  tested  during  this  program.  Although 
the  unit  performed  well,  the  relatively  heavy  wali  required  for  this  generator 
was  not  susceptible  to  fragmentation  and  it  was  dropped  from  further 
consideration. 

Mechanical  Timer 

The  Frangible  ARCAS  mechanical  timer  unit,  shown  on  Figure  20, 
was  developed  by  Raymond  Engineering  Laboratory,  Inc.,  Middletown,  Connect¬ 
icut.  The  purpose  of  the  mechanical  timer  is  to  provide  two  important  func¬ 
tions  during  the  flight  of  the  vehicle:  (1)  to  activate  the  pyrotechnic  gas  gener¬ 
ating  cartridge  at  z  preselected  time  for  the  purpose  of  ejecting  the  payload, 
and  (2)  to  initiate  the  fragmentation  explosive  system  20  seconds  after  pay- 
load  ejection. 

Selection  of  a  time  subsequent  to  payload  ejection  for  initiation  of 
the  fragmentation  system  was  based  on  two  factors:  (1)  allowance  of  enough 
time  to  permit  the  payload  and  sr*eni  rocket  vc-nicle  to  became  sufficiently 
separated  so  that  fragmentation  could  be  effected  without  incurring  damage 
to  the  payload,  and  (2)  design  considerations  for  a  redundant  initiating  mech¬ 
anism  to  provide  high  systems  reliability.  An  analysis  was  performed  to 
determine  a  timer  setting  after  payload  ejection  that  would  provide  sufficient 
distance  between  the  payload  and  vehicle  at  the  time  of  fragmentation  to  pre¬ 
vent  payload  damage.  Radar  data  from  standard  ARCAS  flight  incorporating 
Arcasonde  payloads  were  used  to  establish  a  payload  descent  trajectory.  By 
superimposing  this  trajectory  profile  on  the  predicted  descent  trajectory  of 
the  spent  vehicle  at  various  launch  angles,  it  was  possible  to  predict  the  dis¬ 
tance  between  the  two  bodies  at  any  time  after  payload  ejection  (apogee).  A 
comparison  of  these  data  showed  that  a  time  interval  of  20  seconds  after  pay- 
load  ejection  provided  a  separation  distance  of  about  0.75  mile  at  the  higher 
launch  elevation  angles  as  shown  on  Figure  21.  The  distance  between  the 
objects  was  found  to  increase  to  about  1.8  miles  at  a  launch  angle  of  84°  as 
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shown  on  Figure  22.  This  separation  distance  was  considered  adequate  and 
thus  constituted  the  selection  of  the  20-second  time  interval  between  payload 
ejection  and  fragmentation.  The  predicted  distance  between  the  payload  and 
spent  rocket  at  20  seconds  after  payload  ejection  for  various  effective  launch 
angles  is  shown  by  the  graph  on  Figure  23.  This  inverse  relationship  between 
separation  distance  and  elapsed  time  after  payload  separation  was  observed 
to  be  nearly  linear  beginning  at  about  86°  QE  and  the  distance  between  the 
bodies  at  the  time  of  fragmentation  is  increased  about  0.5  mile/degree  de¬ 
crease  in  launch  angle  below  that  point. 

Because  of  the  nature  of  the  system  and  the  functions  required  of 
the  mechanical  timer,  several  safety  features  were  included  in  the  unit  as 
described  below: 

1.  A  manual  safing  pin  was  incorporated  in  the  unit  to  prevent 
either  function  from  oceuring  until  its  removal.  Removal  of  this  pin,  which 
must  be  accomplished  prior  to  installation  of  the  payload,  provides  a  commit- 
to-arm  condition  for  the  primary  firing  system  which  will  initiate  the  frag¬ 
mentation  explosive  charges. 

2.  A  visual  Safe/Arm  indicator  is  provided  to  show  the  position 
of  the  primary  firing  train  in  the  timer  unit  upon  removal  of  the  manual 
safing  pin.  This  indicator  is  visible  until  the  payload  is  installed. 

3.  A  time-integrating  Safe/Arm  mechanism  is  incorporated  in  the 
firing  system  of  the  timer  unit.  This  device  consists  erf  an  acceleration  sensing 
Element  designed  to  require  15g  to  20g  longitudinal  acceleration  for  a  period  erf 
0.100  to  0.140  second  in  order  for  the  rotor  arm  housing  the  initiating  detonator 
to  move  to  the  in-line  position.  These  conditions  of  longitudinal  acceleration 
will  permit  the  primary  fragmentation  system  firing  unit  to  become  armed  as 
the  vehicle  is  ejected  from  the  launcher. 

The  units  incorporated  in  the  final  flight  tests  were  subjected  to 
shock  and  vibration  tests  to  verify  that  the  units  would  not  become  armed  or 
actuated  by  these  conditions.  The  results  of  these  are  presented  on  Table  IV* 
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Redundant  Initiator 


Because  of  the  reliability  required  with  the  fragmentation  system, 
a  secondary  fragmentation  initiation  device  was  developed  by  the  Space/Arm 
Division  of  Wallace  O.  Leonard  Corporation,- Pasadena,  California-  This  unit 
was  designed  to  become  armed  and  initiate  fragmentation  by  sensing  changes 
in  atmospheric  pressure  and  is  independent  of  all  other  systems  aboard  the 
vehicle. 

Details  of  the  redundant,  pressure  sensing  initiator  unit  are  shown 
by  the  illustration  in  Figure  24.  The  unit  was  designed  to  become  armed  at 
an  ambient  pressure  equivalent  to  an  altitude  of  70,000  to  100,000  feet  during 
vehicle  ascent  and  initiate  fragmentation  at  a  pressure  equivalent  to  an  alti¬ 
tude  of  50,000  to  70,000  feet  during  vehicle  descent  by  means  of  an  expanding 
bellows.  This  system  allows  fragmentation  initiation  by  the  pressure  sensing 
unit  only  in  the  event  of  a  failure  of  the  mechanical  timer  mechanism.  The 
minimum  fragmentation  altitude  of  50,000  feet  was  selected  in  order  to  stay 
above  the  altitude  levels  currently  used  by  commercial  and  most  military 
aircraft. 

The  redundant  initiator  unit  was  designed  to  incorporate  the  follow¬ 
ing  safety  features: 

1.  A  manual  safing  pin  must  be  removed  in  order  to  allow  the 
unit  to  initiate  fragmentation.  The  pin  was  designed  such  that  it  could  not  be 
removed  if  the  firing  pin  had  been  prematurely  released. 

2.  The  unit  must  experience  the  required  pressure  cycling  to 

function. 

The  units  were  subjected  to  environmental  testing  to  determine  the 
effect  of  shock,  vibration,  etc.,  on  the  function  of  the  unit.  All  units  functioned 
within  the  prescribed  pressure  limits  after  all  phases  of  the  environmental 
test  program.  Test  results  are  presented  on  Tables  V  and  VI. 
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An  analysis  was  performed  by  the  manufacturer  of  the  redundant 
initiator  unit  to  determine  the  effect  of  high  longitudinal  acceleration  loads  on 
the  unit.  This  analysis,  presented  in  Appendix  I,  showed  that  a  steady  state 
acceleration  of  245g  is  required  to  displace  the  arming  system  from  the  safe 
position  and  that  a  steady  state  acceleration  of  330g  would  be  required  to  arm 
the  mechanism.  Since  the  maximum  longitudinal  acceleration  normally  expe¬ 
rienced  during  the  operation  of  the  Frangible  ARCAS  vehicle  is  only  about 
125g  (during  ejection  from  the  closed  breech  launcher),  the  unit  cannot  be 
inadvertently  armed  by  the  acceleration  loads  imposed  during  its  launch  or 
fli^it. 

An  analysis  of  the  dynamic  pressure  effects  on  the  redundant  initi¬ 
ator  pressure  sensing  mechanism  during  vehicle  descent  was  performed  be¬ 
cause  of  the  vehicle  attitudes  that  are  encountered  subsequent  to  payload  ejec¬ 
tion.  The  gyroscopic  stabilizing  effect  induced  by  the  vehicle  burnout  roll 
rate  (Figure  25)  in  combination  with  the  instability  induced  by  loss  of  the 
forward  vehicle  weight  upon  ejection  of  the  payload  results  in  a  tumbling 
motion  of  the  spent  vehicle  during  its  descent.  Since  the  sensing  erf  dynamic 
pressure  cannot  be  distinguished  from  ambient  pressure  by  the  redundant 
sensing  element,  it  was  important  to  determine  die  resulting  effect  of  dynamic 
pressure  upon  the  system.  The  results  erf  this  analysis,  presented  in  Appendix 
n,  showed  that  die  effects  of  dynamic  pressure  would  increase  the  altitude  at 
which  fragmentation  by  the  redundant  initiator  is  experienced  from  a  nominal 
altitude  of  60,000  feet  to  about  90,000  feet.  The  analysis  also  showed  that  the 
maximum  possible  altitude  at  which  fragmentation  could  be  effected  by  the 
redundant  unit  during  vehicle  descent  (under  pure  dynamic  pressure  conditions) 
was  112,000  feet. 

Although  this  analysis  showed  that  the  altitude  at  which  fragmenta¬ 
tion  was  likely  to  occur  was  increased  by  the  effects  of  dynamic  pressure,  the 
limits  c!  112,000  feet  maximum  to  50,000  feet  minimum  did  not  interfere  with 
the  operation  of  the  primary  fragmentation  system  and  provided  a  minimum 
altitude  sufficiently  high  to  avoid  safety  hazards  to  aircraft,  etc.  Since  there 
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was  no  apparent  reason  lor  reducing  the  fragmentation  altitude  limits,  the 
design  was  considered  adequate  regardless  of  the  dynamic  pressure  effects. 

H.  FRAGMENTATION  SYSTEM  DEVELOPMENT 

The  major  effort  of  the  program  was  the  development  of  an  explo¬ 
sive  fragmentation  system  capable  of  reducing  the  spent  rocket  vehicle  to 
particle  sizes  yielding  impact  kinetic  energies  of  10  ft-lb  or  less.  The  ne¬ 
cessity  of  maintaining  lightweight  components  and  minimizing  vehicle  drag 
while  requiring  fragmentation  of  the  entire  assembly  imposed  stringent  re¬ 
quirements  upon  the  design  of  the  system.  Because  of  the  effect  of  externally 
placed  components  on  the  vehicle  drag  and  the  possible  effect  of  aerodynamic 
heating  on  the  component,  the  most  desirable  approach  to  the  problem  of 
fragmentation  was  that  of  a  system  wholly  contained  within  the  vehicle.  In 
view  of  the  possible  difficulties  foreseeable  with  such  a  system,  however,  the 
ultimate  use  of  external  components  was  considered  as  a  back-up  method  of 
fragmentation. 

A  comprehensive  summary  of  the  development  of  the  Frangible 
ARCAS  explosive  fragmentation  system  is  presented  below. 

A.  INITIAL  FRAGMENTATION  TESTS 

The  design  approach  originally  selected  during  this  program  to 
achieve  the  required  fragmentation  was  that  of  a  single  modular  shaped 
charge  located  in  the  forward  section  of  the  rocket  vehicle.  This  approach 
was  selected  because  of  the  many  advantages  afforded  by  Its  simplicity,  but 
program  activities  were  designed  to  allow  modification  of  this  fragmentation 
approach  in  the  event  that  test  results  indicated  the  need  for  relocation  or 
addition  of  explosive  material  to  achieve  fragmentation  within  the  specified 
limits.  The  preliminary  design  of  the  single  modular  shaped  charge  concept 
envisioned  a  system  similar  to  that  shown  on  Figure  26. 


The  initial  fragmentation  tests  incorporating  the  shaped  charges 
illustrated  on  Figure  27  were  completed  on  June  18  under  simulated  altitude 
conditions  representing  a  pressure  environment  of  100,000  feet.  The  motor 
cases  used  for  these  tests  were  the  cases  which  were  successfully  static 
fired  in  tests  AFST-9  and  AFST-10  on  May  13.  A  photograph  showing  the 
inert  rocket  motor  assembly  with  grid  markings  for  post-test  identification 
and  the  bifocal  shaped  charge  module  is  shown  on  Figure  28.  A  photograph 
of  the  pre-test  set-up  with  the  rocket  motor  assembly  suspended  from  the 
ceiling  of  the  simulated  altitude  chamber  is  presented  on  Figure  29. 

High  speed  photographic  coverage  of  the  fragmentation  sequence 
was  obtained  with  a  Fastex  camera.  The  camera  was  mounted  outside  the 
test  cell  in  a  photographic  port  and  was  started  just  prior  to  detonation  of  the 
explosive  module.  The  fragmentation  sequence  was  obtained,  but  the  flame 
resulting  from  toe  detonation  engulfed  the  inert  motor  assembly  before  com¬ 
plete  fragmentation  was  experienced  (see  Figure  30).  Results  of  these  two 
initial  fragmentation  tests  are  shown  on  Figures  31  and  32.  As  observed 
from  these  photographs,  the  shaped  charges  tested  were  effective  in  fragmen¬ 
ting  the  forward  and  aft  section  of  the  rocket  assembly,  but  the  center  section 
of  the  motor  case  was  left  intact.  Fragmentation  of  the  nozzle  section  was 
accomplished  by  the  focusing  effect  of  the  shaped  charge  and  wave  propaga¬ 
tion  through  the  empty  motor  case  which  served  as  a  shock  tube  as  illustrated 
on  Figure  33. 

Post-test  analysis  of  the  unit  containing  the  bifocal  shaped  charge 
showed  that  the  annular  shaped  wave  was  directed  outboard  more  than  antic¬ 
ipated  because  of  vector  effects  resulting  from  central  initiation  as  illustrated 
on  Figure  34.  Consequently,  wave  intersection  with  the  motor  case  wall 
occurred  farther  forward  than  anticipated,  as  shown  on  Figure  35. 

Fragments  recovered  from  these  initial  tests  were  utilized  in  tests 
to  determine  characteristic  drag  coefficients  for  the  determination  of  terminal 
velocity  and  impact  kinetic  energy.  The  determination  of  these  aerodynamic 
coefficients  for  various  shapes  was  necessary  for  evaluation  of  the  particles 
produced  during  subsequent  fragmentation  tests. 
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B.  DETERMINATION  OF  PARTICLE  FREE-FALL  DRAG 
COEFFICIENTS 

The  allowable  particle  sizes  produced  during  fragmentation  of  the 
spent  vehicle  were  defined  in  terms  of  impact  kinetic  energy, 

E  =  —  V2  (1) 

2g 


The  maximum  allowable  limit  was  specified  as  an  impact  energy  of  10  ft-lb 
for  the  resulting  fragments  at  their  terminal  velocity.  It  should  be  noted, 
however,  that  the  magnitude  of  10  ft-lb  of  kinetic  energy  at  impact  was  ar¬ 
bitrarily  selected  for  the  purposes  of  this  program  and  is  not  to  be  inter¬ 
preted  as  a  lethal  impact  energy  limit. 

Because  impact  kinetic  energy  is  issilreelly  dependent  upon  the 
coefficient  of  drag,  as  a  result  of  its  influence  on  velocity,  tests  were  con¬ 
ducted  to  determine  actual  free-fall  drag  coefficients  of  the  fragments 
obtained  from  the  initial  fragmentation  tests.  Although  most  of  the  fragments 
used  for  these  tests  were  larger  than  the  particle  sizes  anticipated  as  the 
system  was  developed  further,  they  were  adequate  to  determine  character¬ 
istic  drag  confidents  of  the  various  shapes  for  subsequent  use  in  the  program. 
The  actual  free-fall  drag  coefficients  were  determined  experimentally  by 
water  tank  tests.  By  recording  the  time  required  for  each  piece  to  free-fall 
through  8.75  feet  of  water  and  using  these  data  to  determine  the  average 
velocity  for  the  particle  in  water,  it  was  possible  to  utilize  the  equation  for 
aerodynamic  drag  in  determining  the  drag  confident  for  each  piece. 

Using  the  drag  equation  for  the  conditions  of  terminal  velodty 
(drag  =  weight),  the  relationship  may  be  expressed  as: 


D  =  w  =  cD 


(2) 
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The  drag  coefficient  then  becomes 


f.va2s 


(3) 


where: 

W  =  sample  weight  in  water,  lb 

n 

2  4 

p  =  density  of  water,  lb- sec  /ft 
V_  =  average  free-fall  velocity,  ft/sec 

3. 

o 

S  =  drag  reference  area,  ft 

Ten  drop  tests  of  each  sample  were  used  to  determine  the  average  free-fall 
velocity  for  each  fragment.  The  results  of  these  tests  are  tabulated  on 
Table  VII.  These  data  were  used  to  calculate  characteristic  free-fall  drag 
coefficients  for  the  fragments  as  shown  on  Table  VHI.  Based  on  the  maxi¬ 
mum  and  minimum  velocities  recorded  for  each  piece  during  the  water  tank 
tests,  limit  drag  coefficients  were  determined,  for  reference,  as  shown  on 
Table  IX.  Photographs  of  the  rocket  motor  fragments  used  *n  the  experi¬ 
mental  determination  of  characteristic  drag  coefficients  are  shown  in  Figures 
36,  37,  and  38. 

C.  DETERMINATION  OF  IMPACT  KINETIC  ENERGY 

Having  determined  a  drag  coefficient  characteristic  of  each  of  the 
test  fragments,  it  was  possible  to  calculate  their  terminal  velocity  and  re¬ 
sulting  impact  kinetic  energy.  Using  Equation  (2)  for  the  condi tions  of  ter¬ 
minal  velocity,  V^,,  (drag  =  weight), 
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The  terminal  velocity  and  resulting  impact  kinetic  energy  for  fie 
test  pieces  were  calculated  as  shown  on  Table  X.  These  calculations  show 
that,  with  the  exception  of  the  remaining  motor  case,  all  fragments  tested 
provided  an  impact  kinetic  energy  of  less  than  10  ft- lb. 

Since  the  fragments  from  each  subsequent  fragmentation  test  con¬ 
ducted  during  the  program  were  to  be  evaluated,  a  more  convenient  method 
of  determining  impact  kinetic  energy  was  derived  by  combining  the  above 
equations  in  such  a  manner  as  to  express  kinetic  energy  at  impact  directly 
in  terms  of  fragment  weight,  coefficient  of  drag  and  drag  reference  area. 
The  general  expression  was  obtained  by  substituting  Equation  (4)  into 
Equation  (1),  which  allowed  impact  kinetic  energy  to  be  expressed  as 

E  =  W  v2  =  W  2W  1 
2g  2g  CD  p  S 

or 


E  = 


(5) 


*  An  altitude  of  10,000  feet  was  used  to  determine  terminal  velocity  and 
impact  energy,  rather  than  sea  level,  to  provide  a  factor  of  safety  in 
the  calculations. 
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where 


r 


k  = 


gP 


For  an  altitude  of  10,000  feet,  p  =  0.001756  lb-sec^/ft^,  therefore, 


k  = 


32.17  (0.001756) 


=  17.7  ft3/lb 


and 


E  =  17.7 


W 


CDS 


(6) 


where 

W  =  fragment  weight,  lb 
CD  =  free-fall  coefficient  of  the  fragment 

o 

S  =  drag  reference  area  of  the  fragment,  ft 

The  use  of  the  impact  kinetic  energy  equation  in  this  form  pre¬ 
cluded  the  necessity  of  determining  the  magnitude  of  terminal  velocity 
separately.  This  equation  was  used  to  determine  the  impact  kinetic  of 
particles  produced  in  subsequent  fragmentation  tests  during  development  of 
the  system  and  was  found  to  be  considerably  more  convenient. 

D.  FRAGMENTING  MODULE  CONCEPT 

Although  full-scale  tests  of  the  various  shaped  charges  showed 
their  inability  to  fragment  the  entire  rocket  motor  assembly,  the  potential 
advantages  offered  by  a  single  modular  charge  were  sufficient  to  justify  addi¬ 
tional  investigation  before  the  concept  was  dropped  from  consideration.  A 
review  of  the  test  results  obtained  with  the  shaped  charges,  however,  pro¬ 
vided  conclusive  evidence  that  th*3  effects  of  shaping  the  module  were  concen¬ 
trating  the  detonation  wave  in  a  manner  such  that  only  localized  areas  of  the 
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unit  were  effected  by  the  charge.  Additional  tests  also  showed  that  low  im¬ 
pingement  angles  did  not  provide  adequate  penetration.  In  summary,  it  was 
concluded  that  if  fragmentation  of  the  full  length  of  the  motor  case  was  to  be 
accomplished  with  a  single  modular  charge,  dispersion  of  the  energy  pro¬ 
duced  by  the  charge  was  necessary. 

Since  the  effect  of  the  shaped  charge  is  to  concentrate  rather  than 
disperse  the  resulting  detonation  products,  the  concept  was  reversed.  The 
new  concept  was  to  provide  dispersion  of  high  velocity  metal  particles  for 
penetration  along  the  length  of  the  motor  case  wall.  Dispersion  of  the  par¬ 
ticles  was  accomplished  by  reversing  the  conical  end  of  the  shaped  module 
and  fabricating  the  end  from  cast  metal  to  provide  a  large  number  of 
fragments. 

Two  inverted  cone  module  designs,  illustrated  on  Figures  39  and 
40,  were  fabricated  for  test  purposes.  Target  tests,  as  shown  in  Figure  41, 
were  conducted  to  determine  particle  sizes  and  trajectories  subsequent  to 
penetration  of  the  rocket  motor  headpiate.  The  test  set-up  of  the  module 
assembly  is  illustrated  on  Figure  42. 

Results  of  these  tests  showed  that  the  Type  I  module  provided 
particle  dispersion  sufficient  to  cover  the  entire  motor  case  length,  while 
the  Type  n  module  concentrated  nearly  all  particles  in  a  4-inch  diameter 
circle  on  the  target  5  feet  away  Typical  particle  sizes  obtained  are  shown 
by  the  photograph  in  Figure  43. 

A  full-scale  test  of  the  Type  I  fragmenting  module  was  conducted 
with  a  simulated  motor  case.  Results  of  this  test  showed  that  the  particles 
produced  during  detonation  of  the  module  failed  to  penetrate  the  glass  fila¬ 
ment  wound  tube  of  0.110-inch  wall  thickness.  Post-firing  analysis  of  the 
remaining  tube  showed  evidence  of  particle  impact  on  the  inside  wall,  but 
the  low  impingement  angle  resulted  in  deflection  of  the  metal  fragments 
rather  than  penetration  of  the  fiberglass  wall.  Failure  of  both  the  shaped 
and  fragmentating  charges  to  effect  fragmentation  of  the  motor  case  resulted 
in  the  single  charge  concept  being  dropped  from  further  consideration  as  a 
method  of  vehicle  fragmentation. 
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SHOCK  TUBE  TECHNIQUE 


E. 

Although  the  single  modular  charges  tested  during  the  program 
failed  to  provide  complete  fragmentation  of  the  rocket  motor  assembly,  test 
results  showed  reproducible  fragmentation  of  the  nozzle  section  and  fin 
assembly  to  impact  kinetic  energy  levels  below  10  ft- lb.  Since  the  test  re¬ 
sults  also  showed  that  the  shape  of  the  modular  charge  had  no  appreciable 
effect  on  the  results  attained,  it  was  concluded  that  the  most  significant  con¬ 
tribution  to  the  effective  aft  end  fragmentation  experienced  was  that  of  the 
empty  motor  case,  which  acted  as  a  shock  tube  for  the  modular  charge  and 
directed  the  resulting  detonation  wave  to  the  nozzle  section.  These  test 
results  disclosed  the  fact  that  complete  fragmentation  of  the  rocket  assem¬ 
bly  could  be  effected  if  an  external  explosive  material  could  be  sympatheti¬ 
cally  initiated  by  the  shock  experienced  during  fragmentation  of  the  aft  sec¬ 
tion  by  the  primary  detonation  wave.  By  allowing  the  motor  case  to  remain 
intact  to  act  as  a  carrier  for  the  primary  detonation  wave  from  the  internal 
explosive  charge,  fragmentation  of  the  nozzle  section  would  be  completed 
prior  to  sympathetic  detonation  of  the  external  explosive  which  would  frag¬ 
ment  the  remaining  motor  case.  This  shock  tube  fragmentation  concept  is 
illustrated  on  Figure  44. 

The  first  full-scale  static  firir.g/fragmentation  test,  conducted  on 
September  22,  incorporated  this  concept.  A  photograph  of  the  test  set-up  is 
shown  on  Figure  45.  The  primary  explosive  charge  consisted  of  1.0  pound 
of  Comp.  f'B”  which  was  contained  and  initiated  as  illustrated  on  Figure  46. 

The  external  charge  consisted  of  0.030-inch-thick  sheet  explosive  material. 
Test  results  showed  that  the  external  sheet  explosive  material  was  not  sym¬ 
pathetically  initiated  during  fragmentation  of  the  nozzle  section.  Consequently, 
the  test  results  were  nearly  identical  to  those  attained  with  the  single  conical 
shaped  charge  (Figure  31). 

A  similar  test  was  conducted  to  determine  the  ability  of  the  pri¬ 
mary  shock  to  sympathetically  initiate  100  grain/ft  linear  shaped  charge 
from  the  aft  end  during  fragmentation  of  the  nozzle  area.  Figures  47  and  48 
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show  the  motor  case  with  linear  shaped  charge  incorporated  in  such  a  man¬ 
ner  as  to  simulate  being  covered  by  the  fin  assembly.  Test  results  of  this 
combination  also  showed  failure  of  the  aft  end  fragmentation  to  impart  sym¬ 
pathetic  detonation  of  the  external  explosive. 

F.  MODULAR  CHARGE/EXTERNAL  EXPLOSIVE  TECHNIQUE 

The  test  results  described  above  showed  the  inability  to  induce  sym¬ 
pathetic  detonation  during  fragmentation  of  the  nozzle  section,  but  the  concept 
of  motor  case  fragmentation  by  means  of  externally  placed  explosive  material 
offered  the  greatest  potential  cf  any  technique  attempted.  The  ability  to  attain 
sympathetic  detonation  of  the  external  explosive  material  was  extremely  de¬ 
sirable  in  order  to  avoid  the  necessity  erf  a  secondary  ignition  system  for  the 
external  charge.  The  most  positive  means  of  inducing  sympathetic  initiation 
was  to  extend  the  external  explosive  material  farther  forward  on  the  motor 
case  to  bring  it  into  close  proximity  to  the  primary  charge  as  illustrated  in 
Figure  49.  The  disadvantage  of  initiating  the  external  charge  at  the  forward 
end  was  that  fragmentation  of  the  aft  end  of  tlie  motor  would  not  benefit  from 
the  shock  tube  effect  produced  by  the  primary  charge.  The  detonation  rate  of 
the  external  charge,  about  7000  meters/second,  is  considerably  greater  than 
the  wave  velocity  produced  through  the  motor  tube  by  the  primary  charge, 
which  is  more  on  the  order  of  3000  meters/second.  This  velocity  difference 
was  sufficient  to  allow  advanced  fragmentation  or  collapse  erf  the  motor  case, 
thereby  preventing  the  primary  charge  wave  from  reaching  the  nozzle  section. 
By  precluding  the  use  of  the  motor  case  as  a  shock  tube,  fragmentation  erf  the 
nczzle/fin  section  is  dependent  upon  the  external  explosive  material. 

A  full-scale  fragmentation  test  was  conducted  on  October  26  to 
evaluate  the  concept  described  above  and  the  particle  sizes  resulting  from 
this  technique  of  fragmentation  using  0.030-inch-thick  sheet  explosive.  A 
photograph  of  the  pre-test  set-up  is  shown  on  Figure  50.  Sympathetic  deto¬ 
nation  of  the  sheet  explosive  was  successfully  achieved  and  all  sections  of 
the  rocket  motor  assembly  were  fragmented  to  sizes  providing  impact  kinetic 
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energy  levels  less  than  10  ft- lb  except  the  throat  insert  back-up  insulation 
section,  as  anticipated.  It  should  be  noted,  however,  that  the  motor  case 
used  for  this  initial  test  had  not  been  static  fired*  Consequently,  the  insula¬ 
tion  material  in  the  motor  case  was  uneharred  and  considerably  stronger 
than  the  insulation  in  a  fired  motor  case.  A  photograph  of  the  fragments 
from  this  test  is  presented  on  Figure  51. 

A  similar  test  was  conducted  usL'g  eight  strips  of  100  grain/foot 
linear  shaped  charge  :in  lieu  of  sheet  explosive  material  (see  Figure  52). 
Sympathetic  detonation  of  the  linear  shaped  charge  was  also  achieved,  but 
fragmentation  of  the  unit  was  less  effected  than  with  the  sheet  explosive  as 
evidenced  by  the  test  results  shown  on  Figure  53.  Post- test  evaluation  of 
the  fragments  produced  showed  the  best  fragmentation  that  could  be  expected 
with  mis  technique  incorporating  linear  shaped  charges  to  be  unacceptable 
with  respect  to  impact  kinetic  energy  unless  substantially  more  shaped 
charge  strips  or  larger  strips  were  employed.  An  increase  in  number  or 
size  of  these  charges  was  undesirable  with  respect  to  vehicle  weight  and 
aerodynamic  drag  considerations.  Consequently,  the  use  of  linear  shaped 
charges  as  a  method  of  motor  case  fragmentation  was  dropped  from  further 
consideration  and  all  efforts  were  directed  toward  improving  the  modular 
charge/sheet  explosive  technique  which  appeared  most  promising. 

G.  FINAL  CONFIGURATION 

In  order  to  provide  more  complete  fragmentation  of  the  nozzle  sec¬ 
tion,  the  thickness  of  the  sheet  explosive  material  was  increased  from  0.030 
inch  to  0.042  inch,  which  is  the  minimum  standard  thickness  commercially 
available  at  this  time.  This  increase  in  thickness  and  weight  of  explosive 
material  was  believed  to  be  adequate  to  provide  fragmentation  of  the  entire 
rocket  assembly  within  the  specified  limit  erf  10  ft- lb  of  kinetic  energy  for 
the  fragments  upon  impact. 

A  major  milestone  was  achieved  on  October  26  with  the  successful 
static  firing  and  subsequent  fragmentation  erf  a  Frangible  ARCAS  rocket  motor 
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assembly.  A  pre-firing  photograph  is  presented  in  Figure  54  showing  the 
rocket  motor  assembly  mounted  in  a  vertical  firing  position.  No  thrust  or 
chamber  pressure  data  were  recorded  because  of  the  nature  of  the  test.  The 
primary  objectives  of  the  test  were: 

1.  To  evaluate  the  performance  of  the  sheet  explosive  after  sub¬ 
jection  to  full-time  heat  transfer  temperature  environment. 

2.  To  evaluate  the  fragmentation  capabilities  of  the  0.042-ineh- 
thick  sheet  explosive  when  sympathetically  initiated  from  the  forward  end  by 
the  primary  charge. 

The  test  was  conducted  in  accordance  with  the  sequence  shown  on  Figure  55. 

Approximately  120  seconds  after  rocket  motor  burnout,  the  primary 
explosive  charge  was  initiated,  effecting  sympathetic  detonation  of  the  sheet 
explosive  and  fragmentation  of  the  entire  rocket  motor  assembly.  The  results 
of  the  fragmentation  achieved  with  the  single  modular  charge  and  0.042-inch- 
thick  sheet  explosive  is  shown  by  the  photograph  in  Figure  56.  The  temper¬ 
ature  environment  to  which  the  sheet  explosive  was  subjected  as  a  result  of 
heat  transfer  through  the  motor  case  wall  had  no  deteriorating  effect  on  its 
performance. 

Subsequent  analysis  of  the  fragmented  pieces  with  regard  to  impact 
kinetic  energy  showed  the  largest  motor  case  fragment  to  provide  an  impact 
kinetic  energy  of  less  than  3  ft- lb  as  tabulated  below: 


Fragment 

Weight 

feni) 

Weight 

(lb) 

CD 

Drag  Ref. 
Area  (ft^> 

W 

CDS 

Energy 

(Ct-lb) 

Largest  Motor  Case 
Piece 

35.0 

0.077 

1.00 

0.082 

0.94 

1.28 

Largest  Fin  Piece 

27.3 

0.110 

1.24 

0.165 

0.54 

0.49 

largest  Insulation 
Piece 

17.9 

0.080 

1.07 

0.033 

2.26 

1.77 

Largest  Retaining 
Sleeve  Piece 

13.5 

0.030 

1.07 

0.010 

2.80 

1.50 

Fin  Retaining  Screw 

6.0 

0.013 

1.00 

0.001 

13.00 

2.98 
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It  should  be  noted  from  the  tabulation  on  page  22,  that  the  maximum 
energy  level  experienced  resulted  from  the  fin  retaining  screws.  Substitution 
of  nylon  or  aluminum  screws  for  the  steel  socket  head  cap  screws  currently 
used  would  reduce  this  impact  energy  to  about  0.54  ft- lb.  Minor  modification 
of  the  nozzle  section  would  also  reduce  the  impact  energy  level  of  the  insula¬ 
tion  pieces.  Hence,  a  maximum  impact  energy  of  about  1.5  ft- lb  could  be 
achieved  with  only  minor  modification  of  the  nozzle  section. 

The  test  results  obtained  with  the  0.042-inch- thick  sheet  explosive 
material  demonstrated  the  success  of  the  modular  charge/sheet  explosive 
technique  and  constituted  its  incorporation  in  the  final  design  of  the  fragmen¬ 
tation  system,  illustrated  on  Figure  57.  Two  static  firing/fragmentation  tests 
were  successfully  conducted  during  the  program  incorporation  0.042- inch- 
thick  sheet  explosive  material.  All  three  tests  showed  similar  results,  with 
impact  kinetic  energy  levels  of  the  resulting  fragments  well  below  the  limit 
of  10  ft-lb. 

The  sheet  explosive  material  incorporated  in  the  fragmentation 
system  is  DuPont's  "Detasheet”  C  material.  The  manufacturers  specifica¬ 
tions  for  this  material  are  presented  on  Table  XL 

External  Explosive  Retention 

Calculations  were  performed  to  determine  the  maximum  vehicle 
boundary  layer  shear  stress  at  various  times  during  flight.  These  calcula¬ 
tions,  tabulated  on  Table  XU,  indicated  a  maximum  shear  stress  of  only  about 
2  Ib/ft  during  flight.  This  relatively  low  magnitude  of  shear  stress  indicated 
that  the  external  sheet  explosive  material  could  be  retained  with  a  temper¬ 
ature  resistant,  pressure  sensitive  tape,  which  was  ultimately  incorporated. 

A  pressure  sensitive  base  wrap  was  used  to  retain  the  sheet  explosive  to  the 
motor  case.  An  aluminized  fiberglass  tape  was  used  as  an  overwrap. 

H.  FIRING  TRAIN  DEVELOPMENT 

The  successful  results  obtained  with  the  modular  charge/ sheet 
explosive  technique  defined  the  basic  fragmentation  system.  Test  results 
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showed  acceptable  fragmentation  of  the  motor  case  by  sympathetic  detonation 
of  the  sheet  explosive.  The  task  remained,  however,  to  develop  an  explosive 
initiating  train  that  could  be  incorporated  in  the  modular  charge  and  initiated 
by  both  the  mechanical  timer  unit  and  the  pressure  sensing  redundant  initiator. 
Since  the  design  and  function  of  both  these  units  had  been  completed,  it  was 
necessary  to  select  a  suitable  initiator  to  provide  reliable  detonation  of  the 
primary  explosive  charge. 

laboratory  tests  of  the  mechanical  timer  fragmentation  system 
firing  mechanism  showed  repeatable  high  order  detonation  of  the  primary 
charge  booster  with  a  MK  125  stab  primer.  The  initial  test  of  a  full-scale 
timer  assembly,  however,  showed  the  inability  of  the  MK  125  primer  to  in¬ 
duce  high  order  detonation  across  the  existing  0.092 -inch  gap  under  actual 
conditions.  An  M55  stab  detonator  was  substituted  for  the  MK  125  primer 
to  increase  the  shock  velocity  from  the  output  end.  Although  the  M55  stab 
detonator  is  somewhat  smaller  in  size,  the  output  end  contains  RDX  rather 
than  lead  azide  which  results  in  a  shock  velocity  of  about  8400  meters/sec¬ 
ond  as  compared  to  4300-5000  meters/secondfor  lead  azide.  An  illustration 
of  the  mechanical  timer  firing  train  is  presented  on  Figure  58. 

Additional  laboratory  tests,  incorporating  lead  sample  plates, 
were  conducted  to  compare  the  relative  energy  output  erf  these  initiators. 

The  test  results,  shown  on  Figure  59,  showed  the  M55  stab  detonator  to 
have  about  2  to  3  times  the  penetrating  effect. 

A  full-scale  mechanical  timer  system  fragmentation  test  incorpo¬ 
rating  the  M55  stab  detonator  was  successfully  conducted  at  a  simulated 
altitude  of  100,030  feet.  The  test  set-up  is  illustrated  cm  Figure  60.  Post¬ 
test  analysis  of  the  timer  unit  showed  adequate  fragmentation  of  all  compo¬ 
nents.  Successful  completion  erf  this  test  constituted  the  selection  erf  the 
M55  stab  detonator  for  use  in  both  the  mechanical  timer  and  redundant 
initiator  systems. 
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I.  STATIC  FIRING/FRAGMENTATION  SYSTEMS  TEST 

The  Frangible  ABC  AS  rocket  motor  AFST- 15  was  incorporated  in 
a  full-scale  systems  test  utilizing  the  final  explosive  fragmentation  configu¬ 
ration  described  above.  The  test  also  incorporated  the  mechanical  timer 
firing  system.  'Die  unit  was  tested  in  the  vertical  firing  position.  No  thrust 
or  chamber  pressure  data  were  recorded  because  of  the  nature  of  the  test. 

The  static  firing  portion  of  the  test  was  completed  with  no  apparent 
abnormalities.  This  static  test  marked  the  seventh  and  final  successful  static 
firing  of  the  flight  design  motor  case  during  Phase  in  of  the  program  in  as 
many  attempts.  The  rocket  motor  was  subjected  to  heat  transfer  temperatures 
for  120  seconds  after  rocket  motor  burnout.  This  time  increment  represented 
file  approximate  time,  after  rocket  motor  burnout,  for  the  vehicle  to  coast  20 
seconds  past  apogee.  At  this  preselected  time  the  stab  detonator,  which  was 
to  have  induced  fragmentation  of  the  rocket  assembly,  was  net  initiated. 

After  a  time  lapse  of  six  minutes,  the  primary  explosive  charge  was  initiated 
by  a  back-up  system  (an  electrically  initiated  blasting  cap  and  RDX  booster), 
effecting  sympathetic  detonation  of  the  sheet  explosive  and  fragmentation  of 
the  entire  rocket  motor  assembly.  Results  of  the  fragmentation  achieved 
with  the  0.0042-inch- thick  sheet  explosive  were  similar  to  that  of  the  unit 
AFST- 14,  shown  on  Figure  56.  Subsequent  analysis  of  the  fragmented  pieces 
with  regard  to  impact  kinetic  energy  showed  the  largest  rocket  motor  frag¬ 
ments  to  provide  an  impact  energy  of  less  than  10  ft- lb  as  tabulated  below. 


Fragment 

Weight 

(lb) 

CD 

Drag  Ref. 
Area  (ft2) 

Energy 

(ft-lb) 

Largest  Insulation  Piece 

0.080 

1.07 

0.033 

3.22 

largest  Fin  Piece 

0.110 

1.24 

0.165 

1.05 

The  cause  of  the  fragmentation  initiation  system  failure  was  not 
readily  apparent.  However,  in  view  of  the  fact  that  all  system  components 
were  checked  independently  prior  to  the  test  and  found  to  function  satisfac¬ 
torily,  it  was  concluded  that  the  failure  was  attributed  to  a  disengagement  erf 
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the  stab  detonator  resulting  from  shock  and/or  vibration  during  the  test.  It 
should  be  noted  that  the  timer  assembly  was  inverted  since  the  rocket  motor 
was  static  fired  in  the  vertical  position. 

Abbreviated  Systems  Test 

An  abbreviated  systems  test  was  successfully  completed  at  Atlantic 
Research  *s  Pine  Ridge  test  facility  on  December  21.  This  test  incorporated 
a  four-second  burning  time,  heavywall  rocket  motor  containing:  (1)  five 
Frangible  ARCAS  dimple  motors  in  the  headplate,  and  (2)  the  final  design 
mechanical  timer  assembly  incorporating  an  M55  stab  detonator.  The  pur¬ 
pose  of  this  test  was  to  check  the  functioning  of  the  system  from  rocket  mo¬ 
tor  burnout  through  initiation  of  the  M55  stab  detonator  by  the  mechanical 
timer  firing  pin  and  check  a  number  of  dimple  motors  for  reliability.  The 
test  was  designed  to  allow1  activation  of  the  dimple  motor  by  actual  rocket 
motor  temperature  environment  which  would,  in  turn,  start  the  timer  unit. 

The  test  was  successfully  concluded  by  initiation  of  the  stab  deto¬ 
nator  by  the  mechanical  timer  unit  firing  pin.  Post-firing  examination  of  the 
assembly  showed  that  all  systems  performed  satisfactorily.  All  five  of  the 
dimple  motors  were  activated  during  rocket  motor  burnout.  Successful  per¬ 
formance  of  this  test  motor  and  the  fragmentation  initiation  systems  substan¬ 
tiated  the  conclusion  that  the  malfunction  experienced  during  the  full-scale 
systems  test  resulted  from  the  disengagement  erf  the  stab  detonator  from  the 
rotor  arm  housing  during  the  static  firing  portion  of  the  test. 

HI.  VEHICLE  FINAL  ASSEMBLY  AND  LAUNCH 

The  Frangible  ARCAS  vehicle  was  designed  to  be  launched  from 
the  standard  LAU-41/A  closed  breech  launcher.  Final  assembly  and  launch 
operations  for  the  vehicle  follow  nearly  the  same  procedures  applicable  to 
the  standard  ARCAS. 

Subsequent  to  applying  the  external  sheet  explosive  material,  the 
propellant  grain  retaining  sleeve  used  for  shipping  purposes  is  removed  and 
replaced  by  the  explosive  module  assembly,  shown  on  Figure  61.  After 
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removing  the  mechanical  timer  manual  safing  pin  and  attaching  the  payload, 
the  vehicle  is  in^*  ailed  into  the  launcher  as  shown  on  Figure  62  using  the 
standard  ARCAS  Styrofoam  spacers.  The  launch  piston,  shown  on  Figure  63, 
is  fitted  to  the  aft  end  of  the  vehicle  and  the  spring  straps  are  positioned  to 
engage  the  fin  shroud  to  lock  the  piston  assembly  to  the  vehicle.  The  spring 
action  of  the  strr  ?s  provides  release  of  the  assembly  upon  ejection  of  the 
vehicle  from  the  launch  tube.  The  method  of  retention  provided  by  the  launch¬ 
er  piston  assembly  is  illustrated  in  Figure  64. 

Upon  final  installation  of  the  vehicle  into  the  launcher  and  elevation 
of  the  launcher  in  preparation  fcr  vehicle  flight,  final  commit-to-arm  of  the 
fragmentation  initiation  system  is  accomplished  by  removing  the  manual 
safing  pin  from  the  redundant  initiator  through  a  small  access  door  in  Jie 
launch  tube. 

Although  this  final  procedure  in  the  sequence  of  launch  operations 
was  not  mandatory  and  required  a  minor  modification  to  the  existing  launch 
tube,  as  illustrated  on  Figure  65,  it  was  recommended  to  provide  maximum 
safety.  This  procedure  precludes  the  requirement  of  handling  the  vehicle,  . 
whether  loading  or  unloading  from  the  launcher,  with  the  redundant  initiator 
manual  safing  pin  removed. 

IV.  VEHICLE  STATIC  AND  r~  fNAMIC  STABILITY 

Aerodynamic  evaluation  of  the  Frangible  ARCAS  vehicle  configura¬ 
tion  showed  excellent  static  stability  characteristics.  The  results  of  this 
analysis,  presented  on  Figure  66,  show  the  vehicle  to  be  relatively  insensitive 
to  payload  weight  and  center  of  gravity  location  throughout  the  range  of  rea¬ 
sonable  payload  weights  and  launch  angles.  As  observed  from  this  plot,  at 
least  one  caliber  of  stability  is  maintained  with  a  payload  weight  of  8.0  pounds 
regardless  of  the  payload  center  of  gravity  location.  Variation  of  the  vehicle 
center  of  gravity  during  flight  is  presented  on  Figure  67. 

The  dynamic  stability  is  presented  by  a  comparison  of  vehicle 
pitch  frequency  and  roll  rate  as  a  function  of  flight  time  on  Figure  68. 
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As  obse.  ed  from  the  comparison  of  these  parameters,  the  vehicle  is  de¬ 
signed  to  provide  "crossover"  early  in  flight.  Although  the  fin  assembly  was 
originally  designed  to  provide  a  nominal  roll  rate  of  20  rps  at  rocket  motor 
burnout,  the  final  vehicle  configuration  was  several  pounds  heavier  than  antic¬ 
ipated,  resulting  in  a  slight  decrease  in  vehicle  burnout  velocity  and  a  corres¬ 
ponding  decrease  in  maximum  roll  rate  to  about  16.3  rps  with  the  existing  fin 
assemblies.  Although  this  reduction  in  roll  rate  had  no  detrimental  effect  on 
vehicle  performance,  the  roll  rate  of  future  vehicles  may  be  increased  by 
increasing  the  cant  of  the  fin  blades,  thereby  allowing  a  potential  growth  of 
the  system  by  permitting  the  use  of  heavier  payloads.  The  vehicle  pitching 
frequency  for  various  payload  weights  and  center  of  gravity  locations  is 
shown  as  a  function  of  time  on  Figure  69. 

V.  WIND  WEIGHTING  AND  DISPERSION 

Because  of  the  similarity  between  the  Frangible  ARC  AS  and  the 
standard  ARC  AS  vehicles  and  the  limited  number  of  flight  tests  involved,  the 
standard  ARCAS  wind  weighting  and  dispersion  data  were  used  for  the  flights 
during  the  program.  Wind  sensitivity  and  weighting  factors  for  the  standard 
ARCAS  vehicle  are  presented  on  Figure  70  and  Table  Xm,  respectively. 

Current  dispersion  statistics  for  the  standard  ARCAS  vehicle  show 


that  95  per  cent  of  all  impacts  will  be  within  a  radius  of  6.5  nautical  miles  of 
the  predicted  impact  point.  The  tabulation  below  shows  the  impact  error  ex¬ 
perienced  with  the  Frangible  ARCAS  flight  vehicles. 


Flight  Test 

QE 

(degree) 

Predicted 
Impact  Range 
(NM) 

Actual 

Impact  Range 
(NM) 

Impact  Error 
(NM) 

AFFT-1 

84.5 

23.4 

23. 5a 

0.1a 

AFFT-2 

77.0 

41.0 

35.6 

5.4 

AFFT-3 

b 

b 

b 

b 

AFFT-4 

c 

c 

c 

c 

a.  No  radar  track.  Impact  range  determined  by  extrapolating  early  portion  of 
trajectory  and  telemetry  data. 

b.  No  test.  Launcher  malfunction  induced  severe  reduction  of  vehicle  performance. 

c.  Fragmented  in  flight  as  programmed.  No  impact  range. 
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These  data  show  the  impact  location  to  be  within  the  area  predicted. 


VI.  DIAGNOSTIC  FLIGHT  TESTS 


The  Frangible  ARC  AS  program  included  the  flight  testing  of  two 
diagnostic  vehicles.  These  units,  shown  in  Figure  71,  were  of  the  same  con¬ 
figuration  as  the  systems  vehicle  except  for  the  omission  of  the  fragmenta¬ 
tion  system.  The  purpose  of  the  diagnostic  flight  tests  was  threefold: 

a.  To  evaluate  the  general  aerodynamic  characteristics  and  flight 
performance  of  the  vehicles. 

b.  To  determine  a  drag  curve  by  flight  data  analysis  which  would 
accurately  characterize  the  vehicle  configuration  so  that  the 
systems  vehicle  performance  could  be  accurately  predicted. 


c.  Monitor  motor  case  skin  temperatures  during  flight  to  deter¬ 
mine  the  temperature  environment  to  which  the  external  ex¬ 
plosive  material  would  be  subjected. 


A.  DIAGNOSTIC  PAYLOAD 

A  payload  to  monitor  motor  case  and  payload  section  temperature 
during  flight  was  designed  and  built  by  the  Electro-Mechanics  Division  of 
Atlantic  Research  Corporation.  The  locations  of  interest  were  selected  as 
shown  on  Figure  72,  based  on  temperature  data  obtained  from  static  firings. 
Thermistors  were  desired  for  this  application  because  their  use  would  pre¬ 
clude  the  need  for  payload  signal  preamplification.  A  study  was  conducted, 
however,  which  determined  that  available  thermistors  would  not  provide 
satisfactory  readout  resolution  over  the  range  of  vehicle  temperatures  that 
were  expected  (see  Figures  73  and  74).  Laboratory  tests  indicate--''  no  per¬ 
manent  alteration  of  the  thermistors  tested  to  temperatures  of  1000°  F,  but 
resolution  obtained  at  temperatures  above  about  400°  F  was  insufficient  to 
achieve  temperature  data  to  even  20  per  cent  accuracy.  For  this  reason, 
motor  case  temperatures  were  monitored  with  thermocouples.  Thermistors 
were  used  as  a  temperature  reference  and  to  monitor  temperatures  in  the 
payload  section. 
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The  diagnostic  payload,  shown  on  Figures  75  and  76,  was  designed 
to  sample  thermocouple  data  by  means  of  a  motor  driven  communicator  for 
0.75  second  sequentially.  The  thermistors  were  commutated  at  the  same 
rate  and  in  such  a  manner  as  to  make  frame  identification  possible.  The 
selected  thermocouples  were  connected  to  a  magnetic  amplifier  for  signal 
preamplification.  Four  hundred  cycle  power  was  supplied  by  an  ERA  Transpac 
solid-state  inverter.  A  block  diagram  of  the  telemetry  system  is  shown  on 
Figure  77. 

B.  FLIGHT  TEST  RESULTS 

Performance  of  the  diagnostic  vehicles  was  predicted  based  on  the 
standard  ARCAS  drag  data.  The  units  were  launched  without  the  auxiliary  gas 
generator  boost  to  minimize  the  shock  loads  imparted  to  the  telemetry  pay¬ 
load.  A  comparison  of  the  predicted  and  actual  performance  attained  is  pre¬ 
sented  on  Figure  78.  This  comparison  shows  that  the  predicted  performance 
was  somewhat  optimistic  as  compared  to  the  flight  performance  attained. 

Since  the  parameters  such  as  vehicle  weight,  propellant  weight,  and  total 
impulse  were  known  to  be  accurate,  it  was  concluded  that  the  optimistic  pre¬ 
diction  was  primarily  attributed  to  the  vehicle  drag  data.  The  apogee  perform¬ 
ance  of  the  vehicles,  particularly  that  of  the  initial  flight,  showed  the  actual 
performance  to  be  reasonably  close  to  that  predicted.  This  observation  in¬ 
dicated  that  the  drag  data  assumed  would  require  only  minor  modification  to 
improve  the  accuracy  of  the  predicted  performance  and  was  substantiated  by 
a  comparison  of  predicted  and  actual  vehicle  roll  rate  during  flight,  shown 
on  Figure  79.  Since  the  vehicle  roll  rate  is  directly  proportional  to  its 
velocity,  the  agreement  of  these  data  indicated  that  the  velocity  of  the  vehicle 
AFFT-1  was  close  to  that  predicted. 

The  drag  data  characterizing  the  basic  vehicle  configuration  was 
established  by  utilizing  the  data  obtained  from  these  initial  flight  tests.  The 
resulting  characteristic  drag  curve  is  presented  on  Figure  80.  A  detailed 
analysis  of  the  flight  performance  data  and  the  modification  required  to  the 
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assumed  drag  curve  to  provide  agreement  between  the  actual  and  predicted 
data  are  presented  in  Appendix  HI.  The  revised  drag  data  resulting  from 
this  analysis  provided  predicted  performance  that  agreed  well  with  the  flight 
data  obtained,  as  evidenced  by  the  trajectory  profiles  on  Figure  81.  A  com¬ 
parison  of  actual  and  predicted  times  to  impact,  tabulated  below,  also  showed 
relatively  good  agreement  between  the  revised  predicted  performance  and 
that  achieved. 

_ |  Time  From  Launch  to  Impact  (seconds) 


Predicted* 

Radar  Data 

Telemetry  Data 

AFFT-l 

AFFT-2 

247 

210 

No  Data 

202 

248 

205 

*  Based  on  revised  performance  data. 

C.  TEMPERATURE  DATA 

During  the  initial  flight,  the  motor  case  thermocouples  failed  to 
respond  immediately  after  launch  and  only  a  420  cps  frequency  was  recorded 
with  no  deviation.  This  failure  was  apparently  induced  by  "lock-in"  of  the 
voltage  control  oscillator  with  the  power  inverter.  The  thermistors  in  the 
payload  section,  however,  were  not  affected  and  provided  temperature  data 
throughout  the  flight.  The  maximum  temperatures  recorded  were  about  180°  F 
as  shown  on  Figure  82. 

It  should  be  noted  that  although  the  motor  case  skin  temperatures 
were  not  recorded  during  flight,  the  frequency  output  of  the  payload  indicated 
that  the  motor  temperatures  did  not  exceed  575°  F.  This  determination  was 
made  by  observing  the  output  frequency  of  the  voltage  control  oscillator. 
Calibration  of  the  payload  during  its  manufacture  showed  that  temperature 
differences  of  approximately  500°  F  between  the  motor  case  thermocouples 
and  the  reference  thermistor  produced  an  increase  in  the  output  frequency  of 
the  voltage  control  oscillator.  Analysis  of  the  telemetry  data  showed  that  no 
frequency  change  was  experienced.  Since  the  maximum  reference  temperature 


was  about  75°  F,  it  was  concluded  that  the  motor  case  skin  temperatures  did 
not  exceed  575°  F  during  the  flight.  This  conclusion  was  substantiated  by  the 
results  of  the  second  flight  test. 

The  second  flight  test  vehicle,  AFFT-2,  was  instrumented  with 
four  thermistors  in  the  payload  section  and  eight  thermocouples  in  the  skin 
of  the  glass  filament  wouid  motor  case.  The  thermistors  in  the  pp.yload  sec¬ 
tion  failed  to  respond  shortly  after  launch,  resulting  in  the  absence  of  the 
positive  signal  on  the  commutated  data  trace.  The  motor  case  skin  thermo¬ 
couples  were  not  affected  and  motor  temperature  data  were  recorded  through¬ 
out  the  flight,  but  less  of  the  positive  signal  precluded  identification  of  eight 
thermocouples  with  respect  to  their  position  on  the  motor  case.  Analysis  of 
the  temperature  data,  however,  showed  the  inability  to  identify  the  individual 
locations  of  the  thermocouples  to  be  inconsequential  since  the  difference  in 
the  temperatures  was  only  about  50°  F.  The  motor  case  skin  temperatures 
during  f  li$it  are  presented  on  Figure  83  in  comparison  with  the  maximum 
skin  temperatures  recorded  during  several  static  firings  of  the  motor  earlier 
in  the  program.  As  observed  from  this  plot,  the  maximum  skin  temperatures 
recorded  were  about  500°  F.  A  comparison  of  the  rate  of  temperature  in- 

*f  . 

crease  experienced  during  static  and  flight  tests  showed  the  aerodynamic 
heating  contribution  to  the  temperature  environment  experienced  during  flight 
to  be  prevalent.  Since  the  sheet  explosive  incorporated  in  the  fragmentation 
system  had  performed  successfully  after  exposure  to  motor  case  temperatures 
of  about  500°  F  for  six  minutes  {static  firing/fragmentation  test  AFST-15, 
November  25,  1964),  the  flight  data  showed  that  the  system  would  not  be  ad¬ 
versely  affected  by  the  temperature  environment  experienced  during  flight. 

The  lower  temperatures  experienced  during  flight  beginning  at 
about  apogee,  as  compared  to  those  experienced  during  static  firing,  were 
attributed  to  the  lower  ambient  temperatures  experienced  at  the  higher  alti¬ 
tudes  and  to  transfer  of  the  residual  heat  source  from  the  rocket  motor  cham¬ 
ber.  This  transfer  is  incuced  by  the  differential  pressures  experienced  be¬ 
tween  the  rocket  motor  chamber  residual  gases  subsequent  to  burnout  and  the 
local  atmosphere. 
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TO.  SYSTEMS  FLIGHT  TESTS 

The  Frangible  ABCAS  program  included  two  flight  tests  of  the  com¬ 
plete  systems  vehicle.  These  units,  one  of  which  is  shown  being  loaded  into 
the  closed  breach  launcher  on  Figure  84,  incorporated  0.042-inch-thick  sheet 
explosive  material  from  the  forward  edge  of  the  fiberglass  motor  case  to  the 
leading  edge  of  the  fin  assembly.  The  explosive  material  was  not  extended 
under  the  fin  assembly  to  effect  fragmentation  of  the  nozzle/fin  section  be¬ 
cause  it  was  not  considered  necessary  to  fragment  the  aft  section  in  order  to 
demonstrate  the  feasibility  of  the  system  in  flight.  Based  on  the  results  of 
the  fragmentation  tests  conducted  earlier  in  the  program,  the  degree  of  frag¬ 
mentation  anticipated  with  the  two  systems  vehicles  was  as  shown  on  Figure 
85.  The  purpose  of  the  systems  flight  tests  was  as  follows: 

a.  To  demonstrate  the  feasibility  of  a  frangible  meteorological 
rocket  system  in  flight. 

b.  To  evaluate  the  general  aerodynamic  characteristics  and 
flight  performance  of  the  systems  vehicle. 

c.  To  determine  the  .difference,  if  any,  in  the  drag  characteristics 
of  the  systems  vehicle  as  compared  to  the  basic  vehicle  con¬ 
figuration  (less  fragmentation  system). 

The  systems  flight  tests  were  conducted  on  San  Nicolas  Island. 

The  Launch  Hazard  Area  and  Maximum  Impact  Area  which  were  prescribed 
by  PMR  Range  Safety  are  shown  on  Figures  86  and  87,  respectively. 

A.  PAYLOAD 

The  systems  flight  test  vehicles  carried  the  standard  Arcasonde  1A 
telemetry  payload  and  the  standard  ARCAS  silk  parachute,  15-feet  in  diameter. 
The  parachutes  used  in  these  flights,  however,  did  not  incorporate  the  normal 
silverized  surface  to  aid  in  radar  tracking.  The  reflective  surface  was  omit¬ 
ted  to  aid  in  radar  tracking  of  the  rocket  motor  in  lieu  of  the  payload,  which 
was  to  be  tracked  by  GMD- 1  ground  equipment. 
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B.  FLIGHT  TEST  RESULTS 


The  first  of  two  systems  vehicles  was  launched  on  May  20 }  1965. 
This  vehicle  was  intended  primarily  for  evaluation  of  the  redundant  fragmen¬ 
tation  initiation  system.  During  ejection  of  the  vehicle  from  the  government 
modified  launcher,  the  cover  plate  to  the  access  port  was  ejected,  resulting 
in  loss  of  the  required  launch  pressure.  Analysis  of  the  flight  data  showed 
the  ejection  velocity  of  the  vehicle  from  the  launcher  to  be  only  about  60  ft/ 
sec  instead  of  the  usual  230  ft/sec.  Consequently,  the  vehicle  reached  an 
abnormally  low  apogee  altitude  of  only  69,000  feet  which  was  less  than  the 
minimum  altitude  of  70,000  feet  required  to  arm  the  redundant  fragmentation 
mechanism.  The  first  systems  f light  test  was  therefore  considered  a  ’’No 
Test.” 

During  analysis  of  the  flight  data,  it  was  observed  that  the  altitude- 
velocity  and  velocity- time  relationship  were  somewhat  below  the  predicted, 
although  the  reduced  ejection  velocity  was  considered.  A  comparison  of  the 
predicted  and  actual  data  indicated  an  increase  in  either  the  characteristic 
vehicle  drag  or  the  drag  reference  area.  Since  the  drag  curve  was  estab¬ 
lished  for  the  basic  vehicle  configuration  during  the  initial  diagnostic  flight 
tests,  a  series  of  trajectories  were  computed  with  increased  drag  reference 
area.  Further  analysis  showq^  good  agreement  between  the  actual  and  pre¬ 
dicted  performance  data  when  the  drag  reference  area  was  increased  from 
2  2 

0.126  ft  to  0.151  ft  .  This  effective  increase  in  drag  reference  area  was 
most  likely  attributed  to  turbulent  flow  conditions  and  skin  friction  effects 
related  to  the  sheet  explosive  overwrap.  A  more  detailed  presentation  of 
the  flight  data  analysis,  and  determination  of  launch  velocity  experienced 
and  effective  drag  reference  area  increase  is  provided  in  Appendix  IV. 

The  second  and  final  systems  vehicle  was  successfully  flight  tested 
on  December  21,  1965  without  a  launch  tube  access  port.  The  delay  experi¬ 
enced  between  the  two  final  flights  was  attributed  to  a  combination  of  range 
scheduling  of  the  single  flight  test  and  adverse  weather  conditions  at  the 
launch  site. 
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Radar  data  showed  normal  flight  performance  through  an  apogee 
altitude  of  130,000  feet  at  wiiich  time  payload  ejection  was  observed.  The 
payload  telemetry  signal  was  lost  during  vehicle  ascent,  consequently  no 
GMD-1  data  were  obtained  during  payload  descent.  However,  successful  pay- 
load  ejection  was  determined  by  both  radar  observation  and  physical  recovery 
of  the  payload.  Successful  radar  coverage  of  the  descending  rocket  motor 
assembly  was  maintained  subsequent  to  payload  ejection.  Fragmentation  was 
induced  by  the  primary  system  (mechanical  timer  unit)  at  about  T  4-  12  i  sec¬ 
onds  and  an  altitude  of  123,000  feet,  or  payload  ejection  plus  20  seconds,  as 
programmed.  The  fragmentation  event  was  observed  by  both  island  and  main¬ 
land  radars.  One  piece,  undoubtedly  the  nozzle/fin  section  cf  the  motor  as¬ 
sembly,  was  tracked  to  impact  at  the  normal  descent  velocity.  With  the  ex¬ 
ception  of  this  piece,  which  was  not  expected  to  fragment,  radar  observation 
showed  a  ’’cloud”  of  particles  with  varying  rates  of  descent.  Radar  track  of 
various  particles  was  maintained  at  intervals  and  the  "’cloud”  was  observed 
to  disperse  as  it  descended.  Except  for  the  extreme  aft  end  of  the  vehicle, 
which  was  not  prepared  for  fragmentation  on  this  final  unit,  all  indications 
were  that  the  degree  cf  fragmentation  attained  was  the  same  as  that  achieved 
during  tests  conducted  earlier  in  the  program,  see  Figure  56. 

A  Flight  Test  Summary  for  the  Frangible  ARCAS  Program  is  shown 
on  Table  XIV.  The  actual  sequence  of  events  for  flight  AFFT-4  is  illustrated 
on  Figure  88.  A  more  detailed  presentation  of  the  flight  data  is  presented  in 
Appendix  IV. 

VUI.  VEHICLE  NOMINAL  FLIGHT  PERFORMANCE 

The  basic  Frangible  ARCAS  rocket  vehicle  is  comp?  cable  in  per¬ 
formance  to  the  standard  ARCAS.  However,  addition  of  the  5.7-pound  frag¬ 
mentation  system  and  the  increase  in  vehicle  drag  resulting  from  the  slightly 
larger  body  diameter  (see  Table  I),  reduced  the  apogee  altitude  of  the  sys¬ 
tems  vehicle  by  about  65,G00  feet.*  Trajectory  profiles  for  the  vehicle  with 


*  For  10.5-pourid  payload,  sea  level  launch,  QE  =  84°. 
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and  without  the  fragmentation  system  are  presented  on  Figure  S9  in  compari¬ 
son  with  the  standard  ARC  AS.  Trajectory  profiles  for  the  systems  vehicle  at 
various  effective  launch  angles  are  shown  on  Figure  90.  Nominal  trajectory 
data  for  the  basic  and  systems  vehicle  are  presented  in  Tables  XV  and  XVI, 
respectively.  Other  pertinent  systems  vehicle  performance  data  are  pre¬ 
sented  as  follows: 

a.  Apogee  Altitude  and  Ranges  versus  Effective  Launch  Angle, 
Figure  91. 

b.  Apogee  Altitude  versus  Apogee  Range,  Figure  92. 

c.  Apogee  Altitude  versus  Payload  Weight.  Figure  93. 

d.  Vehicle  Velocity  versus  Flight  Time,  Figure  94. 

e.  Burnout  Mach  Number  versus  Burnout  Weight,  Figure  95. 

A  comparative  performance  summary  of  the  standard  ARCAS  and 
Frangible  ARCAS  vehicles  is  presented  on  Table  XVH.  As  observed  from  the 
above  data,  the  Frangible  ARCAS  vehicle  performance  was  considerably  re¬ 
duced  by  the  required  systems  weight  and  configuration.  Although  the  apogee 
altitudes  attainable  with  the  Phase  IH  configuration  were  somewhat  less  than 
desired,  the  vehicle  performance  was  sufficient  to  demonstrate  the  feasibility 
of  the  frangible  rocket  system.  Various  modifications  which  will  provide 
apogee  altitudes  of  approximately  200,000  feet  are  presented  below. 

IX.  PROPOSED  MODIFICATIONS  FOR  IMPROVED  PERFORMANCE 

Preliminary  studies  have  been  completed  to  determine  the  increase 
in  apogee  altitude  that  could  be  achieved  by  increasing  the  length  of  the  exist¬ 
ing  vehicle  to  provide  additional  total  impulse  and  burning  time.  These  data 
show  that  the  corresponding  increase  in  vehicle  weight  and  the  effects  of  grav¬ 
ity  turn  on  longer  burning  time  for  the  same  magnitude  of  thrust  soon  over¬ 
come  the  contribution  of  increased  total  impulse.  The  data,  however,  show 
that  substitution  of  a  more  energetic  propellant  and  an  increase  in  motor 
length  of  approximately  9.0  inches  would  provide  the  desired  performance. 
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The  following  sections  present  a  brief  discussion  of  the  performance  that 
could  be  achieved  with  various  configurations. 

A.  PROPELLANT  SUBSTITUTION 

In  order  to  significantly  increase  vehicle  performance  without 
necessitating  a  major  redesign  of  the  motor,  the  substitution  of  a  higher 
energy  propellant  was  considered.  The  propellant  used  for  this  comparative 
analysis  was  Arcadene,  an  aluminized  car  boxy  terminated  polybutadiene 
(CTPB)  formulation  which  is  manufactured  by  Atlantic  Research  Corporation. 
In  addition  to  its  high  performance  and  good  physical  properties,  this  propel¬ 
lant  has  excellent  bonding  characteristics  and  is  ideally  suited  to  a  motor 
such  as  the  Frangible  ARCAS.  Polybutadiene  type  propellant  systems  have 
been  in  routine  use  for  a  number  of  years  and  are  currently  employed  in 
missile  systems  such  as  Minute  man,  Pershing  and  Sparrow. 

Preliminary  analysis  of  vehicle  performance  with  Arcadene  pro¬ 
pellant  and  various  motor  total  impulses  show  that  an  increase  in  motor 
length  is  required  to  provide  the  desired  increase  in  performance.  Figure 
96  shows  apogee  altitude  performance  as  a  function  of  total  impulse  and 
motor  length.  As  observed  from  this  data,  an  increase  in  motor  length  of 
8.5  inches  will  provide  an  apogee  altitude  of  200,000  feet.*  Hie  motor  length 
required  to  achieve  this  performance  corresponds  to  a  burning  time  of  33 
seconds,  which  is  the  maximum  ambient  burning  time  desirable  with  the 
current  motor  case  insulation  thickness.  The  tabulation  presented  below 
compares  vehicle  performance. 


1.  For  10.5-pound  payload,  sea  level  launch,  QE  =  84s . 

2.  Excluding  payload  weight. 
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A  comparative  illustration  of  the  Phase  IH  and  extended  vehicle  is 
presented  on  Figure  97.  Apogee  performance  of  the  modified  vehicle  is  shown 
on  Figure  98  for  various  payload  weights  and  launch  angles. 

It  should  be  noted  that  while  the  desired  altitude  is  achieved  with 
the  extended  motor  described  above,  the  performance  might  be  further  in¬ 
creased  by  a  greater  total  impulse  for  the  same  burning  ti*-  e.  This  could 
be  accomplished  by  increasing  the  motor  operating  pressure  which  would, 
in  turn,  increase  the  propellant  burning  rate  and  maintain  the  33  second 
burning  time. 

X.  CONCLUSIONS 

The  successful  performance  of  the  final  systems  flight  test  vehicle 
satisfactorily  demonstrated  the  feasibility  of  a  frangible  meteorological 
rocket  system.  Furthermore,  the  degree  of  fragmentation  demonstrated 
with  a  complete  vehicle  during  this  program  and  the  successful  operation 
of  this  system  in  flight  constitute  a  significant  technological  advance  in  the 
state-of-the-art  of  meteorological  rocket  systems  and  rocketry  in  general. 

Although  the  performance  of  the  Phase  in  Frangible  ARCAS  ve¬ 
hicle  was  somewhat  less  than  desired,  its  performance  could  be  significantly 
improved  by  substituting  an  existing  higher  energy  propellant  such  as  Arca- 
dene  or  incorporating  a  short  boost  phase.  Substitutions  erf  a  higher  energy 
propellant  could  be  accomplished  utilizing  the  basic  motor  design  and  would 
provide  an  apogee  altitude  erf  200,000  feet,  thereby  providing  acceptable 
altitudes  for  an  operational  frangible  meteorological  rocket  system. 

Although  fragmentation  of  the  vehicle  to  particle  sizes  yielding  a 
maximum  of  about  3.0  ft-lb  of  impact  kinetic  energy  was  demonstrated,  frag¬ 
mentation  to  1.5  ft-lb  or  less  could  be  achieved,  with  the  same  explosive  con¬ 
figuration  with  only  minor  modification  of  the  nozzle  section. 


I.  10.5-pound  payload,  sea  level  launch,  QE  =  84°. 


-38- 


Sheet  explosive  0,042 -inch-thick  provides  fragmentation  of  the 
vehicle  to  particle  sizes  yielding  less  than  3,0  ft-lb  of  impact  kinetic  energy 
when  incorporated  along  the  entire  length  of  the  motor  case  in  combination 
with  a  modular  explosive  charge  iri  the  forward  section  of  the  vehicle.  The  - . 
shape  of  the  modular  charge  has  no  appreciable  effect  on  the  degree  of  frag¬ 
mentation  achieved  when  used  in  this  configuration.  Furthermore,  it  may  .  \ 
be  concluded  that  complete  fragmentation  to  the  reqtr  ^ed  particle  sizes  can  ¬ 
not  be  achieved  with  a  single  modular  charge  of  conventional  explosive  mate¬ 
rial,  regardless  of  the  shape  of  the  module. 

Results  of  the  fragmentation  tests  conducted  during  this  program 
show  the  need  for  a  better  definition  of  allowable  particle  sizes  if  this  or 
similar  concepts  are  to  be  employed  with  regard  to  "lethal  limit.”  Definition 
of  acceptable  particle  sizes  in  terms  of  impact  kinetic  energy  appears  to  be 
inadequate  with  respect  to  "lethal  limit"  since  kinetic  energy  alone  does  not 
account  for  all  factors  which  contribute  to  this  limit. 
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An  =  nozzle  exit  area,  in 

e  2 
Aj.  =  nozzle  throat  area,  in 

Cjj  =  coefficient  of  drag 

D  -  drag, lb 

E  =  kinetic  energy,  ft -lb 

F  =  thrust,  lb 

Fmax  =  lnaximum  thrust,  lb 
h  =  altitude,  ft 

Q 

k  =  kinetic  energy  constant,  1/gp,  ft  /lb 
g  =  gravitational  acceleration,  ft/sec 

NM  =  nautical  miles 

*  **“ 

P  =  ambient  pressure,  psia 

Pmov  =  maximum  pressure,  psia 

>  =  maximum  chamber  pressure,  psia 

lmax 

Pt  =  total  pressure,  Pa  +  q,  psia 
q  =  dynamic  pressure,  p  V^/2,  psi 
QE  -  effective  launch  angle,  deg 
R  =  Reynold’s  number 

2 

S  =  drag  reference  area,  ft 
t  =  time,  sec 
ta  =  action  time, “  sec 
'  T^  =  burning  time,  sec 

Tmax  =  maximuni  temperature,  °F 
V  =  velocity,  ft/sec 
V  =  average  velocity,  ft/sec 
Vmax  "  ^^xi11111111  velocity,  ft/sec 
Vmin  =  minimum  velocity,  ft/sec 
VT  =  terminal  velocity,  ft/sec 
W  =  weight,  lb 
V'  T  =  weight  in  water,  lb 
X  -  characteristic  length,  ft 
p  =  density,  Ib-sec^/tt^ 
tq  =  boundary  layer  shear  stress,  lb  ft* 
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Table  II 


Detailed  'ielght  Breakdown  of  the  Frangible  ARCAS  Vehicle  (Leas  Payload) 


Couponant 

Nominal  Weight 
at  Lift-Off  (lbs) 

Noainal  Weight 
at  Burnout  (lbs 

Motor  Case  Assembly 

16.50 

15.20 

Fin  Asseably 

1.69 

1.69 

Fin  Screws 

0.03 

0.03 

Propellant  Asaewbly* 

42.70 

1.00 

Retaining  Sleeve 

1.49 

1.49 

Explosive  Module  Fwd.  Plate 

0.32 

0.32 

Explosive  Module  Aft  Plate 

0.29 

0.29 

Push  Bod 

0.02 

0.02 

Mechanical  Tiasr  Assembly 

0.70 

0.70 

Redundant  Initiator 

0.30 

0.30 

Priaary  Explosive  Charge 

2.06 

2.06 

Sheet  Explosive  Charge  &  Overwrap 

2.30 

2.30 

68.40  lbs. 

25.40  lbs. 

*  Includes  propellant,  has dp late,  O-ring,  diaple  aotor  and  inhibitor 
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Frangible  ARCAS  Phase  HI  Static  Firing  Summary 
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Table  V.  Manufacturer's  Functional  Test  Results  of  tr.c  Redundant  Initiators 
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Table  VII 

Tabulation  of  Time  Required  (in  seconds)  for  Test  Piece  to  Free-Fall  Through  8.75  ft  of  Water 
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Table  VIII 

Tabulation  of  Calculations  to  Determine  Average  Free-Fall 
Drag  Coefficients  Using  Experimental  Data 
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•Excluding  the  remaning  motor  cut, 


Table  XL  "Detasheet"  Specifications 


Property 

Explosive  Content  &  Material 
Detonation  Velocity  (meters/sec) 
Density  (gms/cc) 


"Detasheet"  C 

63%  PETN— 8%  NC 
7000 
1.48 


Flexibility  Range,  (°  F) 

Storage  Life  at  Ambient  Temperatures 


-65  to  160 
Indefinite  W 


Thermal  stability  (°  F) 
24  Hours 
1  Hour 


250 

275 


Hot  Bar  Ignition  Temperature  (°  F) 
Instantaneous  (extrapolated) 
5  Seconds 
15  Seconds 
30  Seconds 


565 

456 

380 

353 


Impact  Sensitivity  (5  Kg  drop  test) 


56+  in 


Static  Sensitivity  (Joules) 


>0.9^ 


Minimum  Tensile  Strength  (psi) 
ASTM  D-1566-60T 


30<c) 


Range  of  Per  Cent  Elongation 
ASTM  D-412-61T 


15  to  150 


Minimum  Propagation  Thickness  (in) 
Sheet  (steel  back-up  plate) 
Sheet  (unconfined) 

Cord 


0.025 

o.oeoW 


Notes: 


a.  "Detasheet"  C  has  been  stored  at  ambient  temperatures  for  over 
four  years  to  date  with  no  change  in  performance  or  flexibility. 

b.  Failed  to  detonate  at  30  Kv  discharged  through  a  capacitance 
of  2G00  pf. 

c.  "Detasheet"  flexible  explosive  will  creep  to  rupture  under  con¬ 
tinuous  stress  as  lew  as  l£  psi.  The  reported  tensile  data  was 
developed  at  20  in/min  crosshead  travel. 

d.  This  cord  diameter  corresponds  to  approximately  15  grains 
per  lock  explosive. 


Table  XHI.  Frangible  ARCAS  Systems  Flight  Test  Vehicles, 

Wind  Weighting  Factors 


Altitude  Stratums  (ft) 
20-50 
50-100 
100-200 
200-300 
300-400 
400-600 
600-800 
800-1,000 
1,000-1,200 
1,200-1,400 
1,400-1,600 
1,600-1,800 
1,800-2,000 
2,000-3,000 
3,000-4,000 
4,000-5,000 
5,000-10,000 
10,000-20,000 
20,000-30,000 
30,000-50,000 


Wind  Weighting  Factors 
0.095 
0.093 
0.109 
0.077 
0.059 
0.093 
0.069 
0.047 
0.037 
0.028 
0.020 
0.013 
0.024 
G.057 
0.040 
0.022 
0.051 
0.034 
0.015 
0.017 


Unit  Wind  Effect:  1.57  NM/knot 
Tower  Tilt  Effect:  3.2  NM/degree 


THE!  ACC.  VI:U  AL I  *  PI  ANCI.E!  RANGE  UYN  PRESS  MACH*  IHKUSI  PI.  WOT.  ORAG/WT  DRAG  LOSS 


—  WO  —  3  ~  i  O  fw  * 

*n 


l/T 

«A  •  ?«  v  O  *  5ft  v  f:  t  •<  ?s  ^  1^  41  A  A  *  *  *  *  *5  v  O  -C  C 

3««,  •«,,•*,  «««»?*••••*«•»»*•«•• 

i«>X-i^ifi?wK-50®35St{0^55®®C5SS-Cwi:iS'C^S®® 

<  Tv  N  N  fv  .%<  ?v  N  fv  fw  fv  A;  %•  iv  rv  ?k  f\;  ftj  fv  f »  iv  N  fw  fw  fv  fvN  jv  fV  fv  tv 

tf 

O 


-4«V<VftT,l‘mn«mrt*iN 


n  O  i*-  «  «f  O  «  'f  «*•  •<  O  <  <l'- 


C-NC'f  ?v- 


OOQOOOOOOOGOOOo 


—  ^  X  —  -•  -%:  N  fv  n  ?v  N  — 


«0  ^  sA  O 

tv^f**»>i*i‘*ocis^wi*'^x» 


^  -4- 

OOOC-JN^OC 


VI 

3 


* 

< 

S. 


v* 

X 


Os 

o 


-vj 


• 

o 

*— 

< 

z 

a! 

—  o 

c 

o 

ft  ft 

o  -ft 

as 

• 

»— 

2 

o 

*■ 

X 

• 

— s 

Ui 

u. 

X  c 

—  o 

•—  « 

o 

— 

US  O 

vs 

o  o 

3 

<  — 

X 

%— 

Vi 

ft 

s 

*- 

Vi 

u 

Z 

< 

3  O 

X 

o  o 

o 

X  o 

a/S 

3  O 

VS 

-4  O 

Ui 

u.  O 

fit 

o 

a. 

vT 

z 

< 

>- 

X 

c 

ftt 

j» 

Ui 

O 

* 

z 

< 

ftf 

X 

ft 

u.  O 

as  — 

V  A 

Ui 

—ft 

C  * 

< 

Z 

ac 

c 

w 

—7 

< 

aso 

i  o 

ft 

<  » 

-i 

< 

—  «  *  ?•  A  ft;  fv  Rf  N  ?Vi  R?  fti  ?W  ?W  N  N  ^ 

0»N<W«?^/‘^?WX^.^MWOOOOOOCOCOCCOOCC 
,AS^--^*fSr-0030000000000000  0  0000 

^^xffti-OOCOOCOOCOOCOOOOOOOOOOSO^ 


As 


ooooooooooocsosaaooasooooocooc 

fVN!VSV(S(i'VN!^{V!WtV<ViAf!VA(iVNNN’i,3NNN!VM(V{VN'«W?V 

000coc30c0000000000030000c000w 

aft  aft  aft  aa^  rf;  ift  aft  aft  aft  aft  aft  f— .  «t  jft  «  aM  a^  aft  a«^  ft)  ft)  ft)  aft  jA  rfi  jft 


»r  — *  o  ^  ^  -r  -o  o  ono?  >  >o  c  ^  ^ 


-AW-4  — 


a  N  %-  fw-  - 

— 

CGCOO 

— 

—« 

-ft 

—ft 

^  — «  -« 

— 

— 

— 

-ft 

— 

— 

— 

° 

OOOSOSOO 

3 

O  O 

I 

T 

T 

O 

S 

s 

OOOO 
i  *  i  f 

z 

OO 
1  1 

I 

0  0 

I  X 

X 

0 

X 

T 

O 

05  !>  Af 

•ft. 

-w 

ivsO  s*>.«r-ai 

aft 

■*- 

-tf  A 

=n 

— «L 

—ft 

A= ■- 2^ 

—ft 

«?VS? 

G*  ^ 

O 

art 

^ 1 

3 

3 

—— 

•ft 

A 

^  aa»v 

— 

— * 

O 

O 

O 

O 

3 

SSf.JV^ 

— 

«-f  Afi 

— 

/A 

O  AS 

3 

— 

art 

art 

art 

A 

fA 

irt 

AS  As  As 

— 

0 

N-gi 

-rt 

— 

& 

iA 

art 

As 

— 

= 

~ 

3 

AS 

AS 

— 

--- 

— 

— 

— 

— 

— 

— 

— 

— 

0 

Jjl 

RJJVC1 

3% 

_  j 

*T 

m 

JS 

a> 

.** 

2^5  -rt  — 

•C 

*e 

As 

As 

— 

-rt 

3 

r- 

■ft 

*•  3  ^ 

O 

3 

AS 

O 

3 

AS 

*3 

0 

-a- 

9ft 

O 

•fiOSi 

3* 

•VC 

3 

•rt 

9ft 

?W 

-w 

-ft 

35 

if- 

a-C  a 

—ft 

3 

—ft 

O 

A- 

0 

•c 

■V 

y- 

3  —  AS 

rrt 

3 

c*- 

— 

As 

•-« 

X 

?>  aAK. 

sc 

AS 

X. 

S' 

art 

O 

•ft. 

-4 

'T 

•ft  3  3 

3 

3- 

3 

3 

3 

S'- 

- 

- 

-NN 

" 

* 

** 

3 

3 

'"r 

‘<3 

■» 

9ft  *ft  "<■ 

fft 

9ft 

•ft 

-C 

AS 

As 

irt 

_,  L 

, 

_ 

L 

A 

rt 

3-^0 

V 

grt 

3ft 

- 

5V 

— . 

sv 

'O 

35  O  O 

O 

jft. 

A; 

3 

55 

•A. 

•c 

3 

jft. 

•e 

— 

••  AS 

-J- 

O 

O 

— 

O 

AS 

*■” 

-c 

Xi 

'T  >y  fi 

O 

-! 

— s 

O 

-s! 

** 

x 

Ar 

A  « 

?!v4 

JL 

-ft 

frt 

As 

?ft 

9ft. 

fft.vft.fft. 

fft 

fft 

3 

-0 

3 

a 

sr 

V 

‘  ” 

<V 

r  J 

.r 

3*. 

:;;jsr 

aft) 

srt 

art 

3 

„ 

3 

£ 

Aft 

•ft.  ft  aft. 

0 

- 

■0 

-*• 

ft— 

As 

— 

O 

AS 

y* 

fft 

•j) 

V 

3 

sA 

A“ 

>«• 

A  !VC 

— 

«— “ 

fft 

— 

~ 

— 

v 

*> 

a<- 

O 

O 

— 

-A 

— 

3 

3 

»— 

O 

3 

M 

A 

— s 

0 

0 

9— 

9— 

9— 

fs. 

— 

-CO  — 

O 

-3 

3 

— 

3 

—  9 

0 

A 

3 

-• 

/t 

-£a 

-SA 

ft 

SA 

ft1 

ft 

^  ^  ^  A  »<  ^  X  ?v  >c  >c 

—  aft  —  —  -a  %  ftf  %  .%•  a«  Jft  aft 


jccN^-sfc^e?- ^►c?^nk©c 

ajN  ^  >ff  C  3  <  — 

^^AaftiAiJVfSiJW-*- •  — *  -ft  -ft  -ft  -ft  — ft 


’C-Cr-CC  ’Tsr  .-ft 


O  ^  -ft  O  ^  v  50  ^5  TV  o  TV  O  *— 


?wp.^'V^lC^OCV!V-.'\C 

^  — «*  —ft  —ft  »  ••  *•  •■  aft  «a  } 


o  ?  ^  *W  -  O  >  ?  5  ^  O 

U  O  ■O  ■<■  tv  ?v  ?v  rv  m 

i i i i i ! i I i 1 2 i 
I 


N  TV  N  --»  "i  1  1  T  1  i  i  f  |  g  I  I  I 
*  I  S  I  I 


oooooooooooooo© 

oooooaooooooooe 

COOOOOCCC3C3CCC 

OOOOOCOGOCOOOOC 

»  *  *  tOPi^-O  £ON^O  CC 


^©©©©OOOOOOOOOOOOO©©©©©©©©© 
Tonoooftsoonnnooccononcnooos 
-OGOOGOCCOOCOOOCCOON^-fi£C?v>fX 
*-00000000000000  *******••*••»«•* 
*  *  *  *  *  *  *  •  *  •  «  *  *  «0^0W?'?l?^0  30CC  —  —  — 
O^O^O^O  .*»  O  O  O  it  O  C  ------  ?V  N  ?w  -%■  ^  ?V 


•  *«*•****«**  tft<ff«it««»»«ii«<t.i*i«»i  • 

^  ft  fr  ft  &  ft  ft  ft  ft  ft  ft  ft  v*  rti  ft  »  rt  n  n  -*  fU  «  Jj  ft  jj  k.  »  n  «.  At  «  :  A  ^  «* 

<S&®&0<0®CO£&®®®&  *\i 

S^K^SNSKNKSN  NNNf*NP"P»P-f«f,“Nf*f«C0®®®yi*^^©W'*^'O®O  CM 


OOOOOOOOOOOO  O  ©  O  O  O -*  pg  m  «*  f- ®  >T  ®  O  ©  **  O  ®  CM  C»-  »0 -*  f*  ®  -O 

OOOOOOOOOOOO  OOOOOOOOOOWWCAtA^®^^-*-*^^-*^^^  O' 

OOOOOOOOOOOO  000000000000000-^^'X>mffi^Otf,'-*>J“^  CM 

•  •*•••*••**•  #«?#(*««•«•*•••<***<•**#**  * 


OOOOOOOOOOOO  o o o o o o o e o o o o o o o o o o o o o o o o o o  o 

M<\l<\l(\ir\JCy<\/(M(\i(\j<M!\i  *MCiiM<\iM«l<MMMMftlM<\i<M«V«M(MCM<M«MM<\l«l«MNJ4  'V 

•  •••*$•*♦•••  *•»«*»*»•*«»•#•»***•*****•  • 

OOOOOOOOOOOO  oooooooooooooooooooooooooo  o 


OOOOOOOOOOOO 


OOOOOOOOOOOOOOOOOOOOOOOOOO 


rvjf\fr«grv^-*^-ir-4— rtco>0^.^«ONft^*yN,,^ONtO/,'COCOft'0^'0^«nW^  »-« 


-*i-4.~4r-^«-«:\jf\*r'Ui\lf\ifVJtV?\J<‘SJ  — «  f-«  --4 


*— .~4^^4w«.*.-400000'-*-*— ♦-‘McgpgfVfrrt'.-Tfrt-Tfgpg  rv 

OOOOOOOOOOOO  OOOOOOOOOOOOOOOOOOOOOOOOOO  O 

•  vfliiiltill  I  i  *  «  i  I  i 

►  ****♦*♦***►  ‘  * 

tv  -4-  <\;  A  '00'4*-«f',*;/'*40s  «-«  >C  tA  lA  f\j  — K  ^  ffi  O  ft  fV  rA 

fgfM(MCMfv;f\ifti<MrgfgpNiPg  >0 

•  •*#••••***•  *•**••••»••••*•««••••«•*••  t 

.4  «4  «4  «4  «4  -4  w  ^  — 4— 4-^pg-n-^\«»w-rfPM^-C0*-^AIiA«-*— —  7* 


rt^OO^Nrt^.OOu^N  fA 

«f  N-^  ®-4  0  0'mjv  O 

ft  ft  'f 

CO 


ftMf,  ^OiT.  ^ftMAinm.  oog^aj^OO’O*','  U'^hD  O  lA 
m»so^NO-#'N-irft^NONfvftftJ\C^ftOAiNvO 


CO 

A 

X 

*4- 

•O 


®  -4  --  *0  ~  •4-00^'4‘P-C'  ^3  N  w  ^  «  -NJ  «  O  ^  ^  X  O  -  ft  -  ^  Cj  N-O  ^  ft  Kr/l  C  -O 

lV«ftft^inc^'0>0-<N  NU>NPg^ftJ<V(AN»n4MOSOOftN^<VO*ft^4in  <V 


fvj  ■j'vA*4‘rNiC0rA^OrAiTv^0'O^f<^'r»TiA'0Jl,,~c0c00x— »f 

|  —  N  W  4  g-  *A  ^  O  NN  KN  NN  KNf^  a  ®  ®  «ffl 

1  *  I  I  I  I  !  I  I  I  I  I  «  I  I  i  I  I  I  *  I  I  I  %  «  I  «  t 


i  »—*  ft  >J"  O  >T  co  ^  >y  iA  fA  ! 
tftftO-'^'^.M^NNfvj1 
^•AA’O'C'O  -C-Q'O'O'C-O 
>00000000000’ 
jrvirvrvjjrgr^rvjrvrvjrvrMfM 

><Vf^-C7'-4'>J'"vffAcCiA-4' 


>j*  k  rg  ®  p*  k 


^  O  ft  0'T,4‘C'00~*®*'®®'0—*S' 
i»jft>oin'0^x®'0'-<0^*r'ftfv®fto,r' 
'  O  ^  I*1  /I  U>  O  N  £  >J-  ®  -J  O  A  4  -N  ’T  <3  >\' 

I  ^  ^  s  h  o  ^  ft  o  \  ft  ^  -O  »  N  f  N  a.  i 


*  V  •  :  ^  N  > —  .V  r-  r-  y  ««  ji  V  >f  V  W  J  ^  4/ 

O  cO  OOtf>^fttw<w®04ft'Oin'0^®®’0'-*0','«r«ftN 

OA««,\>J-ft'OiASO^f<'.'^^ON  jC'4’CO>J’O^  A'4' 

w,0  >r  N  ft  '.^  O  ft  M  ^  s  *•  C  ^  -N  ft  O  \  ft  ^  -O  »  N 
—  O  0007>7'7k®*-P-‘C;A4’--f'AJ  — 

rv  rv  rg  m  ^  n<  h 


^fNi^ONsAOOCO’O-A^O-flhiNftaiftK^^rtOON  ♦  O 


ce^( 

Knnnnnnnsnnnon 


cr  —  nr  J'Cff  c«f  ft4-ccttft-  sr-  «4  ia  4-  -c  **  c**  *  — 

A«-»0'^org-.n^-'v**~~*AO'r®— «•*'.  OO^-A*^-*©©**1'  O 

N®5ft-4rvjm^^jsftO{Vf*'.  T- 


*M  4  ft  ^  O  X  «  ^  ft  -  -j' 


O  -O  O  N  ^  ^  ^  4  -<  <5  ft  C  ft  4  N  X  ^  i\‘  4  N  C« 


NOO-rt^^f^fVirg^i  |  ^  »0N®®®ftX3x-'rftX-‘'»''fft-*'C>0'-  7 

lliililt!  ^^{V'NJfSJfVjfVNfViPJJVNMNN*-*  ^COft-Uf^^*-*  i 

i  I  t  I  I  i  i  I 


OOOOOOOOOOOO  o  oooooooooooooooooooooooooo  o 

OOOOOOOOOOOO  ®  oooooooooooooooooooooooooo  o 

'OOvoO'DO'OO’CO'D®  *  ®®®®®®®®®®®®»®®®®®®®a‘®®®®»  ® 

*••••«••••••  ®  *••*•••••••••*•••••••••*•*  * 

fSJ  fgh‘hJ^<VN(VNlVS«!VKfV(NlV{Nl,VJf*‘fVJ^NNNKNN  O 
CMfg<MCMP«CMrgfM«NifMfMfM  -*  fn^4-4--Ain-OO^N»»ft^30H-^<\j{n^^4^lfl  'O 


)'  •  »■  <''(,'>'1.,  -  '  ■'"*•  >«iWVJ  t‘  r>,  Mill '  l<ll5!'!(|j-*,{»lli|JFJjWw>fl*!«WI*'  >‘(|iHtt,tm<f!!!imt!tfm;>ltl!!l>>Jill( 


a } 


■a 


o 

o 

O 

o 

O 

o 

o 

o 

o 

O 

O 

o 

o 

O 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

o 

c 

o 

o 

C 

o 

o 

o 

o 

O 

73 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

'O  # 

A 

Am 

3? 

A- 

CO 

>c 

f- 

O 

O 

-A 

A 

A 

o 

>o 

*r 

iA 

AJ 

=0 

fk» 

00 

(T* 

xQ 

A- 

o 

o 

«A 

A 

A 

o 

o 

o 

o 

o 

o 

o 

o 

o 

37  a- 

o 

'T- 

® 

t-* 

c* 

o 

o 

rA 

A 

Ai 

rr 

v4 

^•4 

o 

32 

e> 

O 

G- 

CO 

o 

x0 

m 

o 

•0 

Aj 

—« 

*■4 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Ai  Ai 

-A 

r* 

A 

A 

o 

A 

A 

A 

A 

A 

Ai 

Ai 

Ai  AJ 

AJ 

a* 

iV\ 

A 

-e 

A 

A 

A 

* 

rA 

rv 

AJ 

Ai 

Ai  O 

o 

o 

o 

o 

o 

o 

o 

o 

•  * 

« 

« 

• 

9 

• 

• 

• 

• 

4 

• 

* 

• 

• 

* 

/■ 

C 

UJ 


OOCOOOOOOOOOOQCOOOOOOOOOOO 

oooooooooooooooooooooooooo 

OA®0-*<V4»«0330AOAOOOOOOOOOOOOO 


ooooooooooooooooo 

0<£00*"N*I'fli50l*'0^0000 

w-rf-^^^^rvjrsjfAfA^AO® 


00 

<  oooocooooooooooooooooooooo 

O  *-  oooooooooooooooooooooooooo 

00  *•*•••*  l  ♦ 

o  oo<,w^ai'Oin’0'OO^ONNa3.'v03)^VN'Ofy^N 

<  x  A.A.AAfS.A^^i^r'^f^A*.  «va«  — 

U  W 

cc 

< 


Ui 

-J 

£ 

O 

2 

< 

af 

u. 


oooooooooooooooooooooooooo 

oooocooooooooooooooooooooo 


tSi  *\  A-CA-3>CT‘»r£‘*-«.^A70A»A-<S>®0 

-•-•AisVAlAJAJAJAiAi** 


—4 

Ai 

Ui 

Ui 

O 

O 

< 

< 

1- 

A 

A 

is* 

tr>  *■>-  a*  »r  «  *e  f-  m  o  a 

Q  **.#  4  *>*•****«•« 
«.****  «*s  v*  A  v?  >-  e£  .*  4«4  ,*  *?  45  fv  r*» 
-•■**  «*•  n  ^  (y*  o  Ai  tf*  *>  «»>  f».  o 

15 

<  iw  iW  a  H  (y  fl; 

«£ 

o 


-i  o 

.A 


-*> 

if  O 

tSJ 

>• 

••■  » 

X  C 

*•' 

*— 

w  O 

ft-  • 

»» 

LJ 

-if  ft"* 

*w 

/-\ 

*.*» 

— 1 

<1  A 

C 

4-^ 

i*  • 

M 

T 

V 

Vi 

V* 

KI 

>-  -* 

• 

< 

< 

• 

S3 

'* 

--u 

*r* 

i.- 

»*  .y 

L  w> 

*— 

• 

j.:  o 

' 

S. 

o 

> 

— ' 

" 

/  j 

ri 

w 

U  A 

-f 

-•— 

-J  -ft 

*5 

<■ 

M, 

M_  O 

a 

r 

1*. 

•3 

V*  • 

V 

y 

iA 

■*/■ 

V 

c 

< 

-D 

i 

“»y 

A_ 

x 

►-»  * 

Af 

o 

o  o 

U5 

A* 

r» 

w 

*^- 

-J  sv 

< 

*L* 

**» 

"S 

ii 

U. 

-5f 

J> 

%r 

rf 

*— 

< 

-j 

• 

-rf 

lij 

U-  O 

M*. 

-1  O 

— * 

J!  O 

^  * 

v  C4 

— * 

^  >c 

w 

< 

O 

o  • 

< 

*z 

— : 

»— 

’_■' 

X 

ij 

•— 

J!; 

o 

r;l 

7  o 

•*? 

"V 

UI  * 

u;  m 

—3 

«  S' 

5/i 

c  « 

5_ 

N 

\is 

w>* 

fc— 

H— 

-r-^ 

*_* 

«/» 

X 

n 

II 


e 


"C 


o 

< 


«-  o 
x  *r 
c  » 
*-*  so 
-U  c 


a 

i.  ; 

0 


^’O^iA^iA'ON'fOi/'  *r\  ifi^  *. 
VC'Nv5'NNff,0^-f4J,fl*fmm7' 
OON^TJO^Cfy  A4J  f-  f»-  -o  ftl  A 

Oi  fO  Ai  *n  y*  ft5  m  <*s  *•  *«Vfo  rsi 

O 


w-—  4>  <•«  <*  r*. 

UiANH)^NO®'«  •£  <2  ^  A  O  ^ 

43  *5  O  f-  *T  -•  *-  ^  H  a  IT  Pv-  o  N  C 
t>f‘'f-*'‘-43-xC>*C.ftiAA*4'>r-v?,»A-'fVff 


U- 


U; 

2  O 

—  O 


O  SC  A  45  45  h'.W  •  cv  rsr  ru  Q  \ 
ft 

JM  ft; 


H 

*r 

<Nf  fV 

P<\ 

V* 

IT- 

— < 

C5 

v-  y  cp  ^  > 

A 

ft- 

ry» 

f\j 

>T 

>c 

ft- 

rft 

— ^  ^ 

i,* 

» 

« 

* 

« 

.* 

• 

• 

* 

« 

* 

•  •  4  •  • 

*c 

— 4 

— t 

»-4 

M 

M 

fv  sv  rv  *v  fj 

>, 

wT 

Vi  rv  -:v  fSj  ■'Ti 

m 

*ri 

r. 

■** 

ft* 

ftt  fti  rft  *\  ftx 

A  O 

O 

O 

— » 

o  o  o 

o 

vJ 

o  o  o  o  o 

-U 

ii; 

I— 

* 

•• 

— 

• 

— 

♦■ 

ft 

ft 

ft- 

V* 

v: 

-A 

IS 

o 

•— 

5t 

33 

tft 

2i  ■A 

fv 

<r 

rvj 

ft* 

ft  o  c*  pj  r. 

< 

/  4 

O  x> 

ft- 

— « 

’•’*  V  ■*"-  fv  45 

y 

>- 

• 

* 

• 

• 

♦ 

• 

* 

* 

* 

• 

♦  4  »  4  • 

<. 

rn  O 

—« 

JM 

ftj  rv  rv  rg  « Vfv  'V 

a 

5U 

•r 

ift 

5*  a; 

rv  A  5A 

ft. 

%T  ft  «  X 

o 

r-w 

o 

—4 

rv  #n 

fn 

fv 

O-  m 

M 

fv 

•J- 

ft- 

—4 

>C  N  ©  «0  !A 

iA 

-JJ 

w  v*  t**--  a  o  rv5  so  «?•  Av  .nxsccfvfrr- 
C3tf»«r,ACfcrfc»ft“CVCC-n«j-A*-»co^T*-» 
2?*******«#*«##** 

^■xai?'  n.  f>-  ft. 


O 

< 


< 

O  O 

O  O 


>  c 

3  3 

W  O 


i/5  « 

s Si 


<2 

X 


*  c  ^  s  f*  n>  j-  a  o  o  fti  -r  7 

J  i."1  d'  «  ^3  O'  ^  p'.  .'-  c  M  a  s*  £ft 

*t  ^N»y«cO'<vu''tMv»c-«c  -*>c 


<.  • 


occcr»«-fV4;4>-rA*rf'CCf-4:^ 

Jin^X-50%tAC5-«  —  —  X^NtV^  J_  c 

rv  fv  fv  rv  rv  — *  m 

uj  m 

Jt 


XXC^K^C^Ov  o  .*•  s  «  «c 

usa^^^a^ONwcr^oc^- 

u50«-«fio*'NN»*{escpfti'C* 

y-f  *-»  | 


ajoooooOooooooooo 
xooooooooooooooo 
—  ©oooooooooooooo 

wOOOOOOOOOOOOOOO 
OCOO  **•!••••#•• 
*  -  *  <ON'T<Oa50W>f>OCO 


A 


$/r  v 

o  o  *S 

vs  ^ 

*j*  m 

o 

o  rv  o 

4  V 

J  u1  IT 

A  A  A. 

«*r 

4/ 

-J- 

4. 

S’* 

C  * 
-i  ** 

f  * 

O  V- 

• 

*  ft 

fv  cc 

*y 

*T 

• 

4 

4 

rv 

4 

ft. 

* 

rft 

ft* 

4 

ft 

* 

ft* 

4 

V* 

4 

ys 

4 

ft 

4 

f* 

4 

ft* 

ft* 

ft 

* 

ft* 

4 

Cft 

ft-  *o 

•j- 

ff  -« 

rft 

>y 

«A 

'A 

A 

A 

A 

•A 

if 

A 

A 

■A 

A 

A 

:f 

IS 

s 

A 

.f 

A 

.  r% 

O  fv 

^3  ft- 

4? 

CC  O' 

£ft 

3* 

O' 

vX 

O* 

-7* 

Vl 

A 

A 

fA 

'* 

tft 

:r\ 

yi 

A 

f> 

A 

<  fv1 
tf 

O 

fv  fv 

Of 

rv  <W 

rv 

fv 

fv 

fv 

fv 

rv 

fv 

fv 

fv 

fv 

fv 

fv 

rv 

rv* 

fv 

fv 

fv 

ft- 

rv 

rv 

rv 

rv 

ft-  —* 

Mi  M— • 

3C 

ft*  »n 

ft> 

c 

ft 

•ft 

O 

O 

O 

j-»» 

A 

0* 

^4- 

35 

X- 

a. 

3i 

s3 

a; 

i  fv 

^  O 

— 

-w 

A 

?» 

Cft 

A 

m 

V 

Vi 

vs 

-*v 

rv 

fv 

fv 

Ar 

-v 

"v 

rv 

rv 

rv 

fv 

fv 

*•• 

s  o 

— «  f— 

ft- 

fv  «V 

ft- 

4" 

•  « 

o 

u 

fS 

o 

O 

O 

O 

CJ 

O 

O 

Q 

o 

O 

5J 

o 

o 

5,* 

o  c* 

-n  4? 

vs 

rv  — < 

o 

o 

o 

o 

O 

o 

O 

o 

O 

O 

o 

O 

O 

o 

o 

o 

O 

o 

O 

O 

o 

O 

*4  * 

♦  » 

• 

4  * 

« 

* 

4 

* 

i 

«■ 

4 

4 

4 

4 

• 

• 

4 

• 

* 

4 

* 

4 

4 

« 

4 

«  r\s  — • 

o 


:<  v* 
a 
♦  r'- 


©  O  O  ©  © 

A  A  A  v«  -r 

ft*  *U»«  ft*- ft- 


OS.OCO©©COO©000  0©r>© 
->C^^C?'5'0'C>0'7«Cr5>C'5'^r^C^^  5 

is'  >ft  »T-  a  J*  A-  If*  if-  *A  A  IT'  A  iS.  lA  ?A  «*  tf»  tf 


q  o  o  c  o  c  o  o 

»•*♦*••#  +  #• 


o  r>  *_•  ojc 

♦  **.-*• 


!i  JOOr'-f*'—*rvini7'-.A  —  ■?  w  c  J  *T  ^  p'  rt  r- 

*3)^‘C3'C,fftCO,33<C  5  A  A  A  A  -A  iA  A 

v3  ••♦*♦*  V  »««•**.••♦  t  ♦ 

<  rv  rv  rv  —  —  —  _  —• 

X 


%-j^  -%rv 

Si  iS  1ft  A-  A 


5A  «  fti  MV  «  «  «  -  (.*  U  O  3  1;  C  O  y  O  1)  O  W  U  *4  J  U  «  ./  V  C 

V5  C  o  o  y  t>  O  O  U  C  y  'J  'J  O  O  O  o  o  U  D  'J  1-  U  O  y  U  :j  >  ,5  *_ 

vv 

S'  **•***..•*?*.•.  . . . 

C.  i"*  ©  •***?•  U  "*•  U  "•  *T  'y  C  u  -T  ft  c?  ft-  *r  — .  v  »  W  **  — «  '  v  *- 

‘•a'-j-rvz^rv-C'TC:  >r  o  ro  — •  u  33  o  .n  »?  fv  — «  o  A  ■*-  ■*,  S-  j:  s 

5f  ,C-*'  ?  *A  c  ^J  ft  ft  C*  w*-  -*  cr:  "«  rj  ^  ^  l,:  ?*,  *  a  C  5  •/ 

C  ^  C  .\  -«  -C  >f  .\  -  5  ^  41  N  N-  ft»  N  .'2  A  A,  fw  i\-  ,\  r,  :*i  ?•„•  <v  -%  v  — 


u  a  ^  o  *k5m  ?  >f  o  o  v'  *•  ■>  *  ft  v  ^  eo-ft  o  tr  w  a  \ 

-J  ^  ‘5  S  rr  u  i.)  f'-  a  tf"  sT  'T  O  O  rJ  ft  N*  a*  <\i  r  ^  ..  v 

^  j*  =:  x  ft  -r  ~  x  N*  c  c  \  c:  c  -  ^  %  it-  <;  ft  ^i  ?  o  ^  ft 

<  C  ^  --1  O1  ^  -J*.  ft  c  IT  -s  o  f*-  ^  ^  ^  A  .-n  rn  5-  ^  ^  ^  C  c  * 

ft  {v , -r>  ^  ^  ^  c  v*  ^  *f  \  -vj  >.•  ^  sr  <r  ^ 


•J 

.j  ft  ?v  T  -O  vP  *\:  •>  ft  ^Cl5 

C  •-  rv  y  A  ft  ^.  >  -(  o  s*  *- 

Zs*t**t«a««« 
<  A  «f  ft««  J?  N.  %•  «  CO  \ 

>  ft  C  </  c  c  *r  *r  nt 


n  ry  ^ 

«  «  -r fv 


^  C  ««  W*  *5  — 
A  *>  ft**  <:  'ft  ft* 


—  r  >:•  ft  ^  c  ^  ^  _-4  v''  ^ _ 

\  A  >r  ft  ft  -  ft  if-  -•  xO  «  N  C  ^  .'-  7  A‘  iA-  35  C  'y  in  s  o  IP  -X 

-J  "  'f  «V  5*  ^  T  -a  --  *-  «•  ft;  ?V  A,  Ti  ^  ^  ^  <  c  ,»  A  A  A 

<  -C  C1  C*  2  c  >r  x  ft  t  x-  cc  i  r.  r.  c:  x  a)  x  2.1  ^  rxx  r 

V*  A  O  ft  CC  ?  ^OO  —  — «— 


w,fV’i?»fjacO,C 

J  lA  ft  ^  ft  a;  O  JC  S 
ii;C5  —  OftftO-fSJ'T 
>ftnOft-A^iNiOff- 
rv  iV  rv  — *  -*  —  ,«r  — « 


A  -J-  C  ft  ft  ft  C  C  fv 

—  A  t:  -c  *©  <"w  —  e> 
~-oo*$'***A*r»a'ft 
<Dft  ^  W  A  A  -A  ip  A 


*****••*  +  « 

ft-  A  A  fV  — 1  C1  T  *C  TS( 

^  »n  <-  -*  TV  fti  f\;  ftv; 

A  A  «A  5A  ft  A  .'■-  rf'  ft  ft. 


m  O  ''',*  ^  O  4  f*  M 

<»•**•*«;• 

U  f-  **  5A  ^  ?<*A  ^  <V 
<—1111111! 

I 


*•*♦**♦** 
^a-f-COOO*!?^® 
rw  r «  — *  -*  — *  i  i  i  | 

1  I  i  S  l 


O  ifi  ft*  ?  SA  ■*  C  "“s  ft 

oc  id  ft-  ft  -  a  4>  4?  ir=  ft*. 

1  «  I  1  I  I  I  I  !  i 


UiOOCOOOOOOOOOOO 

XOOOCJOOtAOOOOOOO 

••*00000000000000 

ft-oooooooooooofvxy 

o  it  o  ift  o  ft  o  o  s'  o  m  ?  a 

f*»fa^^rftft^<jftN©ctf>c 


oooooooooooooo 
oooooocoooocuc 
oooooooooooooo 
<ccO(\i>r^®o^>r  ^  csso 


w*C,OOOOC»-*— *— »  —  fv  fv  <«* 


93.6OCO  t  1 1  Jiftoo  *,;)«  >■',,> *  ,■ 


Table  XVI.  (Cont’d) 


A-  V*1  O 

<r.  u  ^  — < 

,r 

f-  -J- 

■C  o 

— 

C* 

^  V” 

z, 

r. 

G 

'J' 

-- 

— 

«  -1  # 

• 

*  *  * 

* 

« 

* 

•  « 

*  * 

* 

• 

#  * 

* 

« 

* 

4 

* 

i* 

* 

**  fA  -7 

<r 

if  f  f»- 

7 

>7 

o  *c 

P-  ?V\ 

X 

7- 

o  o 

—* 

<£ 

X 

If. 

X 

X 

»f  if  i1*1 

if 

If  If  If 

if 

'C 

p- 

o  -* 

tf  A 

A 

X 

a  ^ 

■C> 

© 

© 

Pw 

to 

X 

X 

-X.  _ 

J 

\f  o  o* 

o* 

3s  O'  O' 

if- 

S' 

S-  o 

c  — 

«v 

sO  S' 

A 

■C 

25 

b 

A 

>7 

c 

»  • 

• 

a;  a  a 

fv 

cv  a:  a 

A 

A 

A 

A 

f*i  ff 

<* 

Ti 

ro  pf 

7 

7 

if 

if 

if. 

4'. 

.-».  -'ll 

4T 

- 

■f  =f 

■f 

c,n 

A*  A 

"•■ 

a  r-  f* 

,  T 

S'  -«  o 

if 

< 

O' 

if  O' 

a 

-*5 

or  e 

7 

4 

K. 

< 

>o 

IV 

A1  A  N 

?f« 

ff  O  O' 

a 

J2 

*w 

rf  X* 

.-*  #*\ 

O 

•fl 

7 

-** 

4 

>r 

U  C«  J 

U 

o  u  o 

—4 

,7 

A 

f<i  CP 

•4  o 

O' 

r* 

(f,  hr. 

■»4 

O 

f A 

0* 

f~ 

■Q' 

>r 

o  p  o 

O 

coo 

•  *  • 

O 

o 

o 

-A  if 

r» 

•£  o 

A 

ff 

.Ai 

AJ 

fv 

a* 

r-  r*“ 

f- 

•  *  * 

* 

• 

•  * 

*  * 

• 

M  * 

* 

« 

« 

* 

> 

* 

A  i  v 

As 

—m 

— J  fi 

Ai  A 

— < 

—0 

V  V/ 

o  G 


o  o  o 

IT'  S'  -T 

•  «  • 

•A  if  ^ 


^  ^  *f\ 


coooocoooocrcnoooooooco 

v  ^  ^  ?  -T  c-  ?  7-  3*  C'  5-  ^  2-  ;*•  ?  ?■????? 


if  if  f  If  if  i f  «**  f  «f  if  *  :f  if  O  if  -f*  if  if  *f  A  •/%  if 

'“'t  •**.  ^  f#1  (A  «*  vj  •*.  x*  a  r.  *  ^  f  ^  t-  >•*  y 


o  c 


c  C  OC5GOOOUOCOOCOCGG 


— < 

>r  a  A- 

4 

f- 

r  4 

J\  -T 

A 

■T 

•7 

O 

O  fi 

^7 

c 

fl. 

N- 

If 

if  c  f- 

ct 

«T 

rv  ff 

f 

<, 

f— 

X 

X 

vf 

f  ^*0 

O  X 

N. 

— 

—  — 

— 

—4 

— 

W  ■ 

mw4 

w 

CJ 

coo 

o 

„ 

_ — 

Al  A" 

A;  -A  fa 

fi 

A  A 

A 

A  A* 

A 

A* 

>  » 

o  o 

o  o  o  o 

3  3  C  C 

-  ^ 

o  o 

o  c  o  o  o  o 

V  o 

O  O 

•■  >  •- 

• 

.. 

4. 

>  * 

* 

* 

»• 

- 

•  » 

. 

w.  » 

« 

»  » 

•• 

IV 

-3 

«  •>.  — 

c- 

Al 

'Ll  PVi 

•C 

T* 

ubj^sp 

»7 

A  A 

7 

7  *7 

f 

-J 

T 

f  X  JV 

<4 

f  ^ 

f 

tT 

'h 

**. 

^  A;  S  x  <5 

7- 

tc 

<r 

*- 

ft. 

c* 

A1  *r  c 

W 

r- 

— 

s- 

— 

O  >7 

X 

aj  f  i  a 

T- 

• 

• 

• 

♦  *  ■", 

■i 

* 

• 

*  • 

• 

• 

* 

• 

«  • 

* 

•  • 

* 

•  * 

• 

“* 

—* 

A*  A-  -7 

■c 

•w 

A?  *7 

-rv 

7-  ^ 

P-  ^ 

f- 

f-  X* 

■rt~ 

15 

X 

X 

— 

f  -*  »f 

•*** 

A1 

-«*  or 

f 

a 

>7 

o 

wft 

O  <7 

A 

w 

>. 

X 

<* 

r-*_ 

c 

»■  ■* 

-Tl 

>  J? 

•fc 

o 

If 

or  if 

if 

pp.  <\ 

X 

S'  X 

O' 

4N4 

Cr  if  — 

f- 

A 

X 

m  *• 

Pf 

X 

— * 

^  rrt 

A  A 

O' 

«r  o 

«7 

f- 

if 

N. 

co  —  ^ 

<i 

7* 

'T  O 

* 

*7 

*c 

X  o 

~  * 

m  -qr 

7 

if  o 

*f 

-4“  ^7 

sr 

<  ■« 

if 

if 

<3  *0 

P- 

^  c 

X 

X  X 

X 

X  X 

au* 

X 

if  —*■ 


“?  >T 

-*  o 

7  f 

•> 

if 

if 

P- 

X 

*7 

A 

— 

o 

***  "W 

A 

c 

X  -o 

X 

f** 

>C  -f 

fA  w 

if  A 

O' 

P^r 

O 

5f 

— 

o  o 

A 

<r 

if  -c 

*C 

7 

A 

•  *  * 

♦  ♦ 

♦  * 

« 

* 

• 

* 

* 

• 

* 

• 

p 

•  V 

* 

• 

*  4 

• 

m. 

• 

A 

O  -x 

•7  A 

K. 

rw 

If 

X 

o  A- 

•7 

if 

f 

7*  f* 

X 

A  fA 

•7" 

if 

I 

fi  f- 

<r  !f 

-t 

o 

<1 

'C 

f- 

•*- 

?—  »s. 

X 

X  X 

X 

X 

X 

I  1 

1  f 

1 

i 

f 

1 

1 

1 

1 

1 

1 

»  i 

1 

i 

!  t 

i 

1 

i 

in 

—  a  -*  t:  <r 

^  if- 

if  -7 

*7 

A 

X 

r- 

V 

o 

O' 

-7 

fj 

-7  -7“ 

if 

»-• 

’—m 

A  ^  —  C  X 

»f  o 

-7  O 

•>- 

<i 

X 

p^ 

C 

c 

— 

»7 

**  ^ 

O' 

X 

— «  if 

a 

-C  «C  <0  —  ^7 

O  -i 

■f  O 

X 

•A 

o 

o 

f** 

o 

X 

f  — 

G 

O' 

O  If 

—4 

A 

« 

X  X  X  *-  X 

X  «C 

7  — 

X 

A 

if 

X 

a 

r-* 

>7  A 

G 

!»» 

o  r' 

cc 

■7 

! 

Q- 

—i  ■  ^  •«  M 

-+  wmm 

—+ 

b 

o 

S' 

O' 

X 

f- 

f- 

C 

if 

7  "A 

»r 

A 

X 

W  o  ~ 

—i  —m 

- 

O 

if  7  tt  U  ^ 

-7  O'  o 

>7 

V 

S' 

«7 

A 

vf- 

A 

frt. 

A  -C 

o 

X 

- - 

o- 

<n 

CMC  7  iu 

f«  f  Jf-  ^ 

A  if  X  57* 

x*t 

O  O  S'  o  *c  ^  *c 

«f  f  if 

^  — 1  !i|  A 

tf  A  A  «T 

r. 

C>  'A  -0 

O 

O  7  4  ^*.  r-  N  f 

•<T 

7  7 

»7  O  *C 

If  if  if  O  if- 

^  V3  P-  CC 

^  lA  f . 

Of  » 

•T 

to 

a. 

< 


'C'J 

•  «  « 
*■+1—4 

l 


^fw<HiC4>StANK«rin<,^^NNCB.\<T  O  ^ 


—  ^rvjfNifv'rcojfwrvJfNi^  f  a  pa  *a  fA  i  ?  f  | 

i  $  §  «  s 


O  <J 
*  • 

>c»  *r. 
3*  ?> 


o  o  o  o 

o  o  o  ® 

o  o  o  * 

O  O  CD  A 

•  *  *  »?* 

*  <r  itl 

&  &  & 


oooooooooooooooooooooo 

oooooooocooccooooooooo 

®®ODtOCC®flD®®®®®CDflC®®flCJX;'D®60m 

OlAO^C^OI^Otf'O^OiftOiftOAO^O^ 

00^^'VNnrt^^srtt'-<j^f'N®»0‘0'00 


M 

m 


<r 


2 

>- 

y ■ 

►- 

JLI 

“5 


§ 

o 


I 


S  s 


JC 

u 

C 


OCO'JOOOuOQCUOejOM-i  ,  ,,  ..  ^ 

^  ^  ^  fv  ^  ^SSSSScHHg0 

. •«••••. . '.  ,° - 2® 


§oooS§gggggggggg22£®200®®® 

*  *  *  *  *  *  *  # 


i  -f  ^  ^  ^  *  5  .  c  ^  n  o  o  /» i z'  /. 

I*?  wf?s;wQ^y, 

''I  ^  jn  fft  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^ 


ocooococcoococ^ 

C  ^  O  *-c  rv  w  >C  X^  o  o  C>  O  O 
♦**•#«♦*  *««*•• 
---l--_(vf<«ff  ^  1pi 


ol 


*/> 

X 

Ui 
►- 
vl 
>- 
«/5 

CO 
< 
o 
a: 

< 

iu 

-J 

32 

“•  U-’ 

o  *. 

2  M 


Of 

X 


ogggggggggggggggggggoggggo 

OOfVtTCOa'  *  *  ‘Jla'KA*  *  *  #  *  *  *  *  *  *  •  *  * 

JS°~S$o£-iJrS2:£'l!:S£  c*<^jrj-s 


lillillllllllllllllllllili 

-*  -  'M  N  r*  ^  iv  fg  ^  ^  ^ 


Ui 

o 

«r 


Ui 

e 

< 


a .  oo 


Table  XVII.  Comparative  Performance  Summary  for  the  ARCAS  and  Frangible  ARCAS  Vehicles 
(for  10.5  lb  Payload,  Sea  Level  Launch,  84°  QE,  Auxiliary  Gas  Generator  Boost) 


Figure  1 


Figure  2 


Comparison  of  EX  6  Mod  3 

l?t«Qn/nklA  AD/^AO 

♦  *  wiUi 

Standard  EX6  Mod  0  ARCAS 


Figure  3 


Nominal  Frangible  ARCAS  Flight  Events  Sequence 
Phase  HI  Vehicle  Configuration 


3 32 63 


10.5  Lb.  Payload 
Sea  Level  Launch 
Gas  Generator  Boost 
(V  =230  ft/sec) 


Figure  4 


Frangible  AftCAS  Rocket  Motor  Assembly 


Figure  5 


Nominal  Thrust  Versus  Time  for  the  Frangible  ARCAS  Rocket  Motor 
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IGNITION  ( sec) 


Frangible  ARC  AS  Motor  Case  Skin  Temperature 
Static  Firing  AFST-12 


Approximate  Motor  Case  Skin  Temperature  F rofiles  of  the  Frangible  ARCAS  Motor  Case 
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Figure  9 


Headplate-J  DISTANCE  FROM  FORWARD  EDGE  OF  MOTOR  CASE  (in) 
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Figure  il 


CHAMBER  PRESSURE 


Aft  View  of  the  Frangible  ARCAS  Vehicle 
Showing  the  Method  of  Fin  Attachment 


#4679 


Figure  13 
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Post-Firing  Photograph  of  Headplate 
Containing  Heat  Actuated  Dimple  Motors 
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Figure  15 


Frangible  ARCAS  Parachute  Assembly 


Frangible  AH  CAS  Parachute  Assembly 
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Phase  HI  Frangible  ARCAS  Pyrotechnic  Gas  Generator  Assembly 
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Alusinun 
Foil  Seal 


Epoxy  Potting 


Aliioiaui  Casing 


U42  Percussion 
Priner 


IP- 1-3  Cylinders 


«  Inhibitor  and  Filler 


Figure  17 
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PAYLOAD  EJECTION  PRESSURE  (pslR) 


Payload  Ejection  Pressure  Versus  Time 
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TIME  (ssec) 


Figure  18 


The  Frangible  ARCAS  Mechanical  Timer  Assembly 


Figure  20 


ALTITUDE  (thousands 


Nominal  Payload  and  Rocket  Body  Trajectories 
for  First  20  Seconds  Alter  Apogee 
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Figure  23 


EFFECTIVE  LAUNCH  ANGLE  (degrees) 


Illustration  of  Frangible  ARC  AS  Redundant  Initiator  Assembly 
for  Explosive  Fragmentation  System 
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-Sea  Level 
Pressure 


-Spring  Loaded 
Firing  Pin 
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Firing  Sleeve 


Detonator  Holder- 


1455  Stab  Detonator!  1 


Vehicle  Interior  Surface 


Atbient  Pressure 
Sensing  Orifice 


Vehicle  Exterior 
Surface 


Figure  24 
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XI l  ist  ration  of  Vehicle  Attitude  Along  a 
rse  Flight  Ballistic  Trajectory 


Figure  25 


Single  Modular  Shaped  Charge  Fragmentation  System  Configuration 


Frangible  ARCAS  Shaped  Charge  Fragmentation  Modules 


frangible  ARCAS  Rocket  Motor  Assembly  Showing 
Grid  Markings  and  Bifocal  Fragmentation  Module 


Frangible  AECAS  Rocket  Motor  Assembly  Showing 
Setup  In  Simulated  Altitude  Chamber 


Photographic  Sequence  of  First  Frangible  ARC  AS 
Simulated  Altitude  Fragmentation  Test 


Simulated  Altitude;  100,000  Feet 

Film  Speed:  3,000  Frames/Sec 

Explosive  Charge:  Single  Modular 

Conical  Shaped 
Charge  (Figure  27} 


Figure  30 


?re-Test  and  Post-1  est  Comparison  of  the 
Frangible  ARCAS  Rocket  «,or  Assembly 
Incorporating  the  Conical  Shaped  Charge 


Figure  31 


Pre-Test  and  Post- Test  Comparison  of  the 
Frangible  ARCAS  Rocket  Motor  Assembly 
Incorporating  the  Bifocal  Shaped  Charge 


Bifocal  Shaped  Charge 


Illustration  of  Bifocal  Charge  Wave  Propagation 


Drag  Coefficients  of  Motor  Case  Piece 
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Drag  Coefficients  of  Fin  Pieces 
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Fragmenting  Module  Target  Test  Setup 
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-Plywood  Target 
8  Ft-  x  8  Ft. 


Figure  41 
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Figure  43 


Illustration  of  Shock  Tube  Fragmentation  Concept 
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Figure  44 
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Forward  Section  Assembly  Showing  Method  of  Retaining  the  Primary  Explosive  Charge 

Static  Firing/ Fragmentation  Test  AFST-13 


Motor  Case  Showing  Linear 
Simulated  Fin  Cover 


Frangible  AECAS  Rocket  Motor  Case  Showing  Cross-Section  of 
100  Grain/Foot  Linear  Shaped  Charge  with  Simulated  Fin  Cover 


100  Grain/Foot  Linear  Shaped  Charge  with  Simulated  Fin  Cover 


Frangible  ARCAS  Fragmentation  Test  Setup  Incorporating 


est  Results  Obtained  With  a  Modular  Explosive 
30  Inch  Thick  External  Sheet  Explosive 


Frangible  ARCAS  Rocket  Mutor  Assembly  Showing 
Grid  Markings  and  Linear  Shaped  Charge 


Figure  53 


Frangible  ARCAS  AFST-14  Static  Firing/ Fragmentation  Test  Setup 


Figure  54 
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*re~Test  and  Post-Test  Comparison  of  the  Frangible  ARCAS 
Rocket  Motor  Assembly  Incorporating  a  Primary  Explosive 
Charge  and  0.042-Inch  Thick  Sheet  Explosive 
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Frangible  ARCAS  Fragmentation  System  Assembly 

Propellant  Grain 

Propellant  Inhibitor  -v 


With  Tape  Overwrap 


Primary  Firing  Train  of  Mechanical  Timer 
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Firing  Pin 


M55  Stab  Primer 
Rotor  Arm 


).  250  —* 


0.015  Gtams  of  Priming  Mixture 


0.060  Grams  of  Lead  Azide 
0.019  RDX 


L.  0.040  Gap 

Top  of  Explosive  Module 


RDX  Lead 


RDX  Booster 


Coap  "B*  Explosive 


Figure  58 


Lead  Sample  .  _  14  ,  . 

Plate  Sample  Plates  Showing  Results  of  High  Order 

Detonation  of  RDX  Lead  Through  0.092  Vented  Gap 
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Figure  60 


Frangible  ARC  AS  Explosive  Module  Assembly 


Frangible  ARCAS  Explosive  Module  Assembly 


Payload  Adapter 
Threads 


Redundant  Initiator 
Ambient  Pressure 
Sensing  Orifice 


Motcr  Case  Adapter 
Threads 
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Figure  61 


Photograph  of  the  Frangible  ARCAS  Vehicle  Being  Loaded 
into  the  LAU-41/A  Closed  Breech  Launcher 


Figure  62 


Illustration  of  Modification  to  the  Standard  AKCAS  Launch  Tube 
to  Provide  Access  Port  for  the  Frangible  AkuAS  Vehicle 
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Figure  65 


Frangible  ARCAS  Static  Stability 
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Figure  66 


PAVLOAD  C.G.  FOHEWARD  OF  SPLIT  LINE  (in) 


;  Frangible  ARCAS  Center  of  Gravity  Versus  Time  with  10.38  lb  Payload 
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Figure  67 


FLIGHT  TIME  (sec) 


Frangible  ARCAS  Pitching  Frequency 
(Arcasonde  Payload)  for  QE  -  84° 


TIME  (sec) 


•Inches  Ahead  of  S.L. 


Figure  69 


Wind  Sensitivity  Versus  Altitude 
for  the  PWN-6A  and  PWN-7A  Vehicles 
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Figure  70 


Photograph  of  the  Frangible  ARCAS  Diagnostic  Flight  Test  Vehicles 


4*34092 


Figure  73 


FLIGHT  TIME  (sec) 


ml 


Figure  75 
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ALTITUDE  (thousands  of  feet) 


Frangible  ARCAS  Trajectory  Profiles  for  10.1  lb  Payload  Sea  Level  Launch 
Diagnostic  Vehicles  AFFT-1  and  AFFT-2  Without  Auxiliary  Gas  Generator  Boost 
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GROUND  RANGE  (thousands  of  feet) 


Figure  78 


Roll  Rato  Versus  Time 

Frangible  ARCAS  Diagnostic  Flight  Test  AFFT-1 
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Figure  79 


TIME  FROM  LIFT-OFF  (sec,) 


Frangible  ARCAS  Characteristic  Drag  Curve 
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Figure  80 


MACH  NUMBER 


ALTITUDE  (thousands  of  feet) 


Frangible  ARCAS  Trajectory  Profiles 
Critisue  Number  1 
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Figure  81 


Figure  82 


Frangible  ARCAS  Motor  Case  Skin  Temperature  Versus  Flight  Time 

Diagnostic  Flight  AFFT-2 


TIME  FROM  LAUNCH  (sec) 


Frangible  AHCAS  Systems  Vehicle  Being  Loaded  into  Launcher 
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Frangible  ARCAS  Phase  B  (Fragmentation)  Launch  Hazard  Area 


Frangible  ARCAS  Phase  B  (Fragmentation)  Maximum  Impact  Area 


Figure  87 


Frangible  ARCAS  Systems  Flight  Test  AFFT-4 
Actual  Sequence  of  Events 
Phase  IQ  Vehicle  Configuration 
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Figure  90 


Frangible  ARCAS  Systems  vehicle  Performance 
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Figure  91 


Frangible  ARCAS  Apogee  Altitude  Versus  Payload  Weight 


Figure  93 


PAYLOAD  WEIGHT  (lb) 


Frangible  ARCAS  Vehicle  Velocity  Versus  Flight  Time 


FLIGHT  TIME  (sec) 
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Apogee  Altitude  Versus  Total  Impulse,  Burning  Time  and  Motor  Length 
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Figure  96 
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Figure  98 


APOGEE  RANGE  (thounsands  of  feet) 


APPENDIX  I 


LONGITUDINAL  ACCELERATION  EFFECTS 
ON  THE  REDUNDANT  INITIATOR 
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Analysis  or  effect  or  high  longitudinal  acceleration  loads 

lUPOSEC  UPON  THE  JFMING  MECHANISM  Of  T  HE  jAGCEL  104F,A  AUTOMATIC 
I)£ST»UCT  i  Ni  r  I  atop. 


1.0  PURPOSE? 

This  H£POa:  ANALYZES  Th£  OP  £  P  a  T 1 C  N  cr  The  aPU-nG  and  riAiNI 
SftCHAfcl  £«  OT  the  L-OCEL  104f-A  A-JTOUAI  t  C  U»6  STRUCT  IniTIATOh 
»“EN  Si»BcEeTCr  TO  HIGH  LCNGi TuOi NAL  ACCELERATION  LOADS, 

*iTM  Tjif  PURPOSE  OF  DETERMINING  IF  ANY  CONDITION  EXISTS 
*1iC«  MIGHT  RESULT  in  PREMATURE  OR  I H ADVERT  aNT  ■ N i T i A  T  *  ON 
CT  THE  ROCKET  MOTOR  DE8TRUC7  CHARGE. 


i  OJ.J  V£  LCNGi  r i JB i  -i-l  ACCEL£3AT.  GfJ: 


A  POSITIVE  (acting  IN  a  O! NEC  T I  ON  THAT  CAUSES  VELOCITY  OF 
THE  POCKET  TO  Of  INCREASED  «N  T»|  FC**»ARD  DI»CCTiOn) 

LONG  J  TUL'i  N  AL  ACCEL  CP  A  T  I  ON  APT  L  :  £  D  TO  Th£  i*.*i  T.MOP  CAUSES 
AN  INERTIAL  REACTION  FORCE  TO  PE  IMPARTED  TO  T«f  ARMING 
91AS'  fePRlMO  (II)*.  ABMINC  SLEEVE  ( 1 .  BELLCNS  FRONT  PLATE 
O'),  flPJNC  CUP  ll^),  AMO  PcLLCNS  f~l).  tk|  iNKRTiAL 
FORCE  (!■’  I  }  flESTtr,  BY  T«esc  COMPONENTS  It  THE  PRODUCT  OF 
Th£  MASS  (  *■)  C-  -  The  COMPONENT 9-  AND  T*.£  MAGN :  T UDE  OF  THE 
ACrELEP«T?ON  FORCE  {a)#  The  INERTIAL  ?OhCE  fri)  IS 
RESISTED  PY  THE  FORCE  (F*)  OF  TW£  AR»iNC  H|»*  SPRING  (13) 
AND  ?h€  fOPCE  (Fa)  DUE  TO  ATMOSPHERIC  PRESSURE  ACTING  ON 
THE  FCLLONf.  (2l)f  LESS  THE  STORED  RETURN  FORCE  OF  THE 
GELLONS  (Fp). 


T »*E  NET  FORCE  (F*)  ACTING  ON  THE  ARMING  SYSTEM  SH1CH  COULD 
TEND  TO  CAUSE  THE  INITIATOR  TO  PECOMC  ARMED  DUE  TO  INt*TtAL 

forces  i s: 

Fn  ••  lu  -  (rs  +  Fa  -  Fb>  (2*1) 


Equation  ?.1  neglects  the  effect  of  any  decrease  in 

DYNAMIC  PRESSURE  RESULTING  T ROM  INCREASING  ALTITUDE* 


*  Numbers  in  parenthesis  (  )  refer  to  item  numbers  or 
Space/Arm  Orasins  No*  1Q46A-07* 
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APPLIED  TO  IMF  MCCHAMtSM  T  ME  WET  FORCE  (F h)  THAT  MOULD 
TEND  TO  A«M  THE  MECHANISE  I  8  * 
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SiWCf  THE  RESULT  if  A  NfG  A ?  J  V  E  QUANTITY  iT  IS  0BYI0U8  THAT 
A  100  G  ACCELCMATiO H  W»LL  «OT  £  JtP  DISPLACE  THE  ARMING 
SYSTEM  FROM  THE  SjFS  POSITION. 

The  steady  state  acceleration  rxqu* red  to  displace  the 

ARMING  SYSTEM  f«CM  Tm£  SAFE  POSITION  IS  245  C. . 

rKE  STEADY  state  ACCELERATION  REQUIRED  TO  arm  THE  MECHANISM 

is  330  c v 
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APPENDIX  TL 

ANALYSIS  OP  THE  DYNAMIC  PRESSURE  EFFECTS 
ON  THE  REDUNDANT  INITIATOR  PRESSURE  SENSING  MECHANISM  DURING  VEHICLE  DESCENT 
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G.  K.  Oss 


The  back-up  or  redundant  fragmentation  charge  initiation  mechanism 
is  to  be  activated  by  «  pressure  sensing  element.  This  initiator  will  become 
armed  during  vehicle  ascent  at  a  predetermined  atmospheric  pressure  and  function, 
in  the  event  of  a  failure  of  the  primary  initiator,  by  releasing  a  firing  pin 
upon  3en3ing  a  predetermined  ambient  pressure  during  vehicle  descent. 


Because  of  the  gyroscopic  stabilizing  effect  induced  by  tha  T-ehicle 
burnout  roll  rate  of  approximately  20  rps,  the  vehicle  will  tend  to  maintain 
its  ascent  attitude  through  apogee  and  descend  in  a  sort  of  tail-first  attitude 

until  the  aerodynamic  forces  become  sufficient  to  restore  the  vehicle  to  the 

v"”’ 

proper  flight  position  as  illustrated  in  Figure  X-l.  Previous  static  stability 
analyses  of  the  £X  6  MOD  3  Areas  indicate  that  the  vehicle  will  become  aero- 
dynamically  unstable  after  payload  ejection.  This  condition  is  experienced 
because  of  the  rearward  shift  of  the  vehicle  center  of  gravity  induced  by  less 
of  idle  minimum  payload  weight  of  about  8.4  pounds  required  to  maintain  a  static 
stability  cf  at  least  one  body  diameter  at  burnout.  Consevjttehtly,  the  rocket 
body-win.  begin  to  tumble  upon  encountering  aerodynamic  restoring  forces. 

It  should  be  «ot€d  that  while  the  vehicle  aescende  at  ioae  angle  of  attack 
relative  to  the  airflow,,  the  pressure  sensing  orifice  will  be  subjected  to 
scat*  magnitude  of  dynamic  pressure  in  addition  to  ambient  pressure  due  to 
the  normal  component  of  velocity  on  the  vehicle.  Th*  purpose  of  this  analysis 
war  to  determine  what  maximum  error  in  destruct  altitude  may  be  experienced 
as  a  result  of  this  dynamic  pressure  influence  up04j,  the  pteasui  *  seeing 
element  of  the  redundant  initiator. 


The  nominal  dec true t  altitude  for  the  redundant  initiator  was 
originally  set  at  15,000  feet.  Considering  the  limitations  that  would  be 
imposed  upon  the  vehicle  with  regard  to  launching  locations  because  of  FAA 
regulations,  the  destruci  altitude  was  considerably  increased.  This  analysis 

wsn  based  cn  a  design  destruct  altitude  of  50,000  to  70,000  feet.  A  minimum 

* !  *  .* 

destruct  altitude  of  50,000  feet  was  selected  in  order  to  stay  above  the 
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altitude  levels  currently  used  by  caoaerclal  and  aost  military  aircraft. 

For  the  purposes  of  this  analysis,  the  rocket  body  was  assumed 
to  be  either  aerodynamics lly  stable  or  experience  reasonably  low  rates  of 
tumble.  The  analysis,  then,  may  be  considered  accurst*  except  for  very  high 
rates  of  tumble,  which  are  not  likely  to  be  encountered  with  the  Frangible 
Areas  vehicle. 

Standard  Areas  vehicle  velocities  were  used  to  determine  dynamic 
pressures  since  the  performance  of  the  Frangible  Areas  will  be  nearly  the 
same. 

Analysis 

As  the  rocket  body  descends  with  .some'  angle.  of *  attack,  aa  shown 
in  Figure!- 1,  the  redundant  initiation  mechanism  will  sense  pressure  ranging 

between  something  slightly  less  than  ambient  pressure,  P  ,  and  total  pressure, 

V*"  * 

P  +  o  (ambient  pressure  +  dynamic  pressure),  as  the  pressure  orifice  is 

•  *  *  *  • 

subjected  to  some  component  of  free  atream  velocity  during  vehicle  spinning 
tnd/or  tumbling.  The  maximum  condition  would  be  represented  by  a  constant 
vehicle  descent  attitude  nor  cal  to  the  relative  airflow  such  that  die  redun¬ 
dant  initiator  monitored  total  pressure  at  all  points  along  the  descant 
trajectory  a 3  illustrated  in  Figure  JL-2 .  Bence,  a  sensing  of  total  pressure 
represents  the  maximum  condition  and  was  used  to  determine  the  maximum  alti¬ 
tude  that  the  redundant  initiator  could  function.  This  altitude  would,  of 
course,  be  greeter  than  the  preselected  degtruct  altitude  based  on  ambient 
pressure,  since  the  apparent  ambient  pressure  (ambient  pressure  +  dynamic 
pressure)  is  greater,  which  is  representative  of  a  lower  actual  altitude. 

A  comparison  of  ambient  and  total  pressures  for  the  rocket  body  during  descent 
^  is  presented  on  Figure  I- 3.  As  shown  by  this  graph,  the  intended  destruct 
altitude  limits  of  50,000  to  70,000  feet  could  be  Increased  to  94,000  to 
112,000  feet  under  the  auximum  or  total  pressure  sensing  conditions.  The 
upper  limit  of  112,000  feet,  therefore,  represents  the  altitvde  above  which 
the  redundant  initiator  could  not  be  activated. 

Since  the  rocket  body  will  spin  and/or  tumble  dusting  descent,  the 
total  pressure  sensing  conditions  described  above  will  exist  only  as  peak 
conditions  aa  the  pressure  sensing  orifice  becomes  oriented  in  a  position 
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to  be  effected  by  dynamic  pressure.  Hence*  the  pressure- time  relationship 
that  will  actually  be  experienced  will  be  similar  to  the  one  illustrated  on 
Figure  2-4.  Because  the  pressure  sensing  system  will  have  some  finite  response 
time,  it  is  unlikely  that  the  mechanism  could  be  activated  by  the  peak  condi¬ 
tions.  The  system  will  most  likely  respond  at  an  apparent  ambient  pressure 
represented  by  the  average  of  the  pressure  limits  experienced.  As  shown  by 
the  trace  on  Figure  5-3,  the  difference  between  ambient  and  total  pressure 
during  vehicle  descent  is  generally  much  greater  than  the  difference  between 
zero  pressure  and  ambient.  Consequently,  the  apparent  ambient  pressure  may  be 
approximated  by  the  average  of  the  true  ambient  pressure  and  total  pressure 
at  any  time  during  vehicle  descent.  A  comparison  of  true  ambient  pressure 
and  apparent  ambient  pressure  is  presented  on  Figure  X-5.  This  comparison 
indicates  that  the  intended  destruct  limits  may  be  increased  about  30,000 
feet  above  the  design  altitude  because  of  the  effect  of  dynamic  pressure 
on  the  pressure  sensing  system,  assuming  the  response  of  the  system  will 
be  such  that  the  effective  ambient  pressure  will  be  the  average  of  the 
true  ambient  pressure  and  total  pressure  during  vehicle  descent.  A  tabula¬ 
tion  of  data  used  to -plot  the  graphs  on  Figures  X- 3  and  X-5  is  presented 
on  Table  X-A , 


Conclusions 

Although  the  redundant  initiation  device  will  be  designed  to  function 
at  a  predetermined  ambient  pressure  during  vehicle  descent,  the  system  may 
be  activated  at  a  higher  altitude  because  the  effect  of  dynamic  pressure 
may  result  in  an  imposed  total  pressure  greater  than  ambient.  The  effective 
dearttnet  altitude  is  difficult  to  predict,  but  the  analysis  presented  above 
establishes  the  limits  of  destruct  altitude,  included  in  the  tabulation  below. 


Minimum  Destruct  Altitude .  50,000  feet 

Nominal  Destruct  Altitude  .  . .  60,000  feet 

Design  Destruct  Altitude  Limits  .  505000  to  70,000  feet 

Probable  Destruct  Altitude  Limits  ....  81,000  to  100,000  feet 
Maximum  Destruct  Altitude  .  112,000  feet 
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Although  the  design  limits  of  destruct  altitude  may  be  considerably 
increased  by  the  effects  of  dynamic  pressure »  the  range  of  50, 000  feet  minimum 
to  112,000  feet  maximum  is  acceptable  for  fragmentation  of  the  vehicle. 

There  is  no  apparent  reason  at  this  time  for  reducing  the  destruct  altitude 
limits,  providing  the  minimum  limit  is  sufficiently  high  to  avoid  safety 
hazards  to  aircraft,  etc. 

The  effect  of  vehicle  attitude  during  descent  and  response  of  the 
redundant  initiation  system  to  dynamic  pressure  can  best  be  evaluated  during 
flight  tests,  which  are  planned  later  in  the  program. 
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TABLE  I-A 


£133264 


Ambient  Pressures 


Altitude 

Absolute  Pressure 

(ft) 

(psia) 

50,000 

1.690 

60,000 

1.048 

70,000 

0.650 

Dynamic  and  Total  Pressures 


h 

(ft) 

V 

(ft/sec) 

p 

(lb-sec2/ft4) 

4  2  P 

L  a 

(psi)  (psia) 

pt  =  Pa  +  a 

(psia) 

160,000 

2349 

2.43  x  10"6 

0.047  0.015 

0.062 

138,000 

2630 

5.83  x  10“6 

0.140  0.033 

0.173 

113,000 

2900 

1.74  x  10~5 

0.508  0.091 

0.599 

77,000 

3143 

1.00  x  10~4 

3.440  0.466 

3.906 

49,000 

2995 

3.82  x  10"4 

11.900  1.770 

13.670 

p  t  +  pa 

Average  Apparent  Pressures, 

2 

PT  +  Pa 

h 

pT 

pa 

2 

(ft) 

(psia) 

(psia) 

(psia) 

160,000 

0.062 

0.015 

0.039 

138,000 

0.173 

0.033 

0.103 

113,000 

0.599 

0.091 

0.345 

77,000 

3.906 

0.466 

2.186 

49,000 

13.670 

1.770 

7.720 

777 


PRESSURE  (psia) 


Ambient  ami  Apparent  Ambient  Pressures  for 
the  Frangible  Areas  Vehicle  During  Descent 
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Additional  funding  was  made  available  in  April  1964  to  continue 
the  Frangible  Areas  development  work  which  began  in  September  1962  under 
Bureau  of  Naval  Weapons  contract  NOw  62-1106-c.  The  primary  objective  of 
the  Frangible  Areas  program  is  to  demonstrate  the  feasibility  of  a  frangible 
meteorological  rocket  system  comparable  in  performance  with  the  standard 
Areas  vehicle,  but  capable  of  self 'induced  fragmentation  subsequent  to 
payload  ejection. 

The  design  approach  selected  to  achieve  the  required  fragmentation 
capability  utilizes  materials  and  a  configuration  not  heretofore  evaluated 
on  the  systems  level.  Because  of  the  necessity  to  evaluate  various 
components  of  the  vehicle  systems  with  a  minimum  number  of  variables,  a 
two-phase  flight  test  program  is  being  employed.  Phase  I  consists  of 
two  flight  tests  of  the  final  vehicle  configuration,  less  the  fragmentation 
system,  to  evaluate  vehicle  performance  end  monitor  motor  case  temperatures 
in  flight.  Successful  completion  of  these  flight  tests  will  provide  the 
information  to  procede  with  Phase  II  which  will  consist  of  two  flight 
tests  of  the  system  vehicle  for  the  purpose  of  evaluating  payload  ejection 
and  vehicle  fragmentation  in  flight. 

Phase  I  ox  the  flight  test  program  was  completed  during 
January  at  PMR.  Flight  data  obtained  from  the  two  units,  listed  below, 
were  used  to  establish  drag  data  whf -h  will  more  accurately  characterize 
the  Frangible  Areas  systems  vehicle  configuration. 


Flight  Unit 

Op.  No. 

Date  Flown 

From 

Payload 

Payload  Wt.  (lbs) 

AFFT-1 

417156 

12-16-64 

SNI 

Diagnostic 

10. 1 

AFFT-2 

517613 

1-20-65 

Pt.  Mugu 

Diagnostic 

1C.1 

The  attached  report  presents  a  comparison  of  the  flight  data 
with  that  predicted  and  discusses  significant  portions  of  these  dati.  The 
drag  curve  ueveloped  by  this  analysis  is  presented  herein  and  will  be  used 
to  predict  performance  of  the  systems  flight  vehicles. 
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FRANGIBLE  ARCAS  FLIGHT  PERFORMANCE  ANALYSIS 


SUMMARY 


An  analysis  of  the  flight  performance  data  obtained  from  the 
first  two  Frangible  Areas  flight  tests  was  performed  to  develop  a  wore 
accurate  drag  curve  to  be  used  in  predicting  performance  of  the  systems 
vehicle.  Insufficient  radar  data  were  obtained  from  the  first  flight  to 
construct  a  trajectory  for  the  vehicle,  but  sufficient  telemetry  data 
were  obtained  tc  show  that  the  flight  was  fully  successful.  The  combination 
of  this  information  with  the  data  obtained  from  the  second  flight  showed 
reasonably  good  agreement  with  the  predicted  vehicle  performance,  as 
tabulated  below. 


Flight  Unit 


Predicted 

Payload  Effective  Apogee 

Weight  (lbs.)  QE  Altitude  (ft) 


Actual 

Apogee 

Altitude  (ft) 


2  Error 


AFFT-1  10.1  84.5*  200,000 
AFFT-2  10.1  77.0*  140,000 
*  Apparent  apogee  based  on  IK  data 


190,000*  5.02 

114,373  18.32 


Although  the  vehicle  performance  data  obtained  from  these  flights 
were  somewhat  limited  because  of.  the  failure  to  obtair  sufficient  radar 
coverage  of  the  first  flight,  the  analysis  and  critique  of  these  flights 
established  a  new  drag  curve  which  provided  predicted  trajectory  profiles 
that  agree  wall  with  the  actual  trajectory  Jata. 


DIAGNOSTIC  FLIGHT  TESTS 


Two  diagnostic  flight  test  vehicle*-,  resigned  to  monitor  motor 
case  skin  temperatures  in  flight,  were  ca^'-eced  and  shipped  to  FMR 
19  November  1964.  A  photograph  of  these  flight  test  units  is.; shown  on 
Figure  1.  A  tabulation  of  actual  vehicle  weights  is  presented  on  Table  I. 
A  discussion  of  the  flight  performance  of  each  vehicle  is  presented  below. 

AFFT-1  Flight  Performance 
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The  first  diagnostic  night  Vehicle  Who  lauuched  it  an  elevation 
setting  computed  to  provide  a  launch  elevation  of  85.6  degrees.  The  vehicle 
was  tracked  by  radar  from  about  T  +  7  to  about  T  4  27  seconds  at  which  time 
radar  track  was  lost.  A  plot  of  radar  data  obtained  is  presented  in 
comparison  with  the  predicted  trajectory  profiles  on  Figure  2.  An  expanded 
scale  plot  for  the  early  portion  of  the  flight  is  presented  on  Figure  3. 

As  observed  fro®  this  comparison,  the  effective  launch  angle  attained  was 
about  85  degrees ,  which  is  in  good  agreement  with  the  predicted  angle. 

It  nay  be  noted,  however,  that  the  flight  times  at  which  the  vehicle  was  to 
have  reached  various  altitudes  do  not  correlate  well.  It  is  highly  unlikely 
that  the  velocity  of  the  vehicle  could  truly  have  been  such  as  to  have  behaved 
as  the  data  indicate.  A  comparison  of  these  data  suggests  an  error  in 
the  time  scale  and/or  magnitude  of  the  radar  trajectory  data  since  various 
telemetry  data  indicate  that  the  vehicle  velocity  and  apogee  performance 
attained  were  reasonably  close  to  that  predicted. 

Short  interval  fade  of  the  telemetry  signal  was  experienced 

•  fjrt  v 

as  the  vehicle  rolled  during  flight.  Bits  intermittent  signal  "drop-out*' 
was  produced  by  the  changing  orientation  of  the  payload  antenna  as  the 
vehicle  rotated  during  flight.  chis  inherent  condition  proved  beneficial, 
however,  since  the  roll  rate  of  the  vehicle  was  determined  by  observing  the 
frequency  of  the  signal  fade.  Since  roll  rate  of  the  vehicle  is  directly 
proportional  to  its  velocity,  the  velocity  of  the  vehicle  may  be  evaluated 
by  monitoring  the  roil  rate  as  a  function  of  time.  A  comparison  of  the 
actual  roll  rate  data  with  that  predicted  is  presented  on  Figure  4.  The 
agreement  of  these  data  shows  that  the  velocity  of  the  vehicle  was  close 
to  that  predicted. 

Impact  time  lor  the  vehicle  was  obtained  from  the  telemetry 
data  by  observing  the  time  of  abrupt  and  complete  loss  of  the  telemetry 
signal.  An  impact  lime  of  248  seconds  after  launch  was  recorded  as  compared, 
to  a  predicted  time  of  254  seconds.  The  actual  time  to  impact  agrees  with 
that  predicted  within  less  than  3Z  and  ir  indicative  of  reasonably  good  agreement 
in  apogee  performance. 

Two  GHD-3  stations  tracked  the  vehicle  to  provide  back-up  information 
for  the  radar  data.  A  trajectory  prefile  for  the  flight  was  constructed 
by  the  FMR  Data  Reduction  3taff  utilising  these  data  in  a  computer  program. 

The  resulting  trajectory  is  presented  on  Figure  5  in  comparison  with 
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predicted  trajectory  profiles  at  various  launch  angles.  Although  the 
accuracy  of  these  data  may  have  been  impaired  because  the  GMD-1  stations 
vere  located  only  about  four  miles  apart,  the  resulting  trajectory  shows 
reasonably  good  performance  as  compared  with  that  predicted  and  confirms  the 
data  presented  above. 

APFT-2  Flight  Performance 

The  second  diagnostic  flight  vehicle  was  launched  at  an  elevation 
setting  computed  to  provide  a  launch  elevation  of  79  degrees.  The 
vehicle  was  successfully  tracked  by  FPS-16  radar  throughout  the  flight. 

The  actual  trajectory  achieved  is  presented  on  Figure  6  in  comparison 
with  the  predicted  tra'ectory  profiles.  As  observed  from  this  plot, 
an  effective  launch  angle  of  about  77  degrees  was  achieved  as  compared 
to  the  predicted  angle  of  79  degrees.  Trajectory  performance  of  the  vehicle 
appeared  to  be  in  relatively  good  agreement  with  the  predicted  data  until 
after  rocket  motor  burnout,  at  which  time  the  vehicle  diverged  from  the 
predicted  path  and  achieved  an  apogee  about  25,000  feet  less  than  was 
predicted  for  a  77*  QE. 

The  velocity  achieved  by  the  vehicle  was  less  than  that 
predicted  with  respect  to  both  altitude  and  time  as  illustrated  by  the 
graphs  on  Figures  7  and  8  respectively.  Hie  latter  plot  revealed  a  point 
of  significance  in  that  the  maximum  velocity  occurred  about  four  seconds 
later  than  predicted.  This  phenomenon  is  characteristic  of  a  motor  burning 
time  longer  than  that  predicted,  resulting  in  a  lower  than  nominal  thrust 
level  for  an  extended  period  of  time. 

FLIGHT  PERFORMANCE  SUMMARY 

Since  the  two  subject  flight  vehicles  carried  the  same  gross 
payload  weight,  their  trajectory  profiles  may  be  conveniently  compared  in 
a  single  graph  as  shown  on  Figure  9.  As  described  above  and  observed  from 
the  comparative  plot,  the  apogee  performance  of  the  diagnostic  flight 
vehicles  was  somewhat  less  than  that  predicted.  Insufficient  radar  coverage 
of  the  first  flight  was  obtained  to  allow  an  adequate  critique  to  be 
performed.  Radar  data  obtained  from  the  second  flight,  however,  provided 
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good  flight  performance  data.  The  second  flight,  therefore,  provided  the 
basis  for  the  critique  and  development  of  a  drag  curve  characteristic  of 
the  vehicle  configuration.  The  apparent  trajectory  achieved  by  the 
first  flight ,  baaed  on  vehicle  velocity  and  impact  time  as  observed  from  the 
telemetry  data,  was  used  as  a  method  of  checking  the  accuracy  of  the 
revised  performance. 

CRITIQUE 


Failure  of  the  vehicles  to  fully  achieve  the  predicted  peak 
altitude  for  their  respective  effective  launch  angles  was  most  likely 
attributed  to  optimistic  drag  data  aesumed  for  the  Initial  prediction 
of  vehicle  performance,  since  the  vehicle  weights  and  total  impulse  are 
accurately  known.  This  conclusion  is  supported  by  comparison  of  the 
actual  and  predicted  altiti  e  vs.  velocity  curves  on  Figure  7.  This 
comparison  shows  the  actual  velocity  to  be  consistently  less  than  the 
predicted  value  at  all  altitudes,  which  is  characteristic  of  greater- 
then-predicted  vehicle  drag.  The  agreement  of  rate  of  decrease  of  vehicle 
velocity  (deceleration)  after  rocket  motor  burnout  as  shown  by  Figure  8, 
however,  indicates  accurate  drag  data  at  the  higher  Mach  numbers.  Although 
the  flight  data  show  that  the  second  vehicle  experienced  a  burning  time 
about  four  seconds  longer  than  predicted,  the  reduced  thrust  level  and 
resulting  Increase  in  gravity  turn  did  not  appear  to  be  the  most  significant 
factor  in  decreased  apogee  performance  experienced,  since  the  ballistic 
trajectory  did  not  deviate  appreciably  from  the  predicted  curve  until 
well  after  motor  burnout. 

Since  the  data  presented  above  indicate  that  the  most  significant 
contributor  to  the  optimistic  prediction  of  vehicle  performance  was  drag 
deta,  except  at  the  higher  Mach  numbers,  the  drag  curve  which  was  used 
to  characterize  the  vehicle  configuration  va~  modified  as  shown  on  Figure  10. 

This  modification  was  predicated  upon  successful  results  obtained  with  the 
EV  Areas  vehicle  configuration  which  is  characterized  by  this  drag  curve. 
Point-mass  trajectories  were  computed  utilizing  the  modified  drag  data. 

The  resulting  trajectories  are  presented  on  Figure  11  in  comparison  with 
the  actual  flight  data  obtained  from  the  two  diagnostic  flight  tests.  As 
observed  from  this  comparison,  the  new  drag  curve  provided  predicted  trajectories 
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that  more  accurately  describe  the  trajectories  achieved.  Comparison  of 
the  predicted  and  actual  velocity  data  with  respect  to  both  altitude  and  time. 
Figures  12  and  13  respectively,  show  an  improvement.  The  lover~than*nominal 
thrust  level  indicated  by  the  increased  burning  time  shown  on  Figure  13  may 
account  for  the  deviation  of  the  actual  and  predicted  data  on  these  last 
curves.  The  interplay  of  increased  burning  time,  gravity  turn  and  drag 
characteristics  are  extremely  difficult  to  evaluate  adequately  with  flight 
data  from  only  one  vehicle.  Vehicle  performance  with  respect  to  apogee 
altitude,  however,  shows  good  agreement  between  the  prediction  (critique) 
and  actual  flight  data. 

A  comparison  of  actual  and  predicted  times  to  impact, 
tabulated  below,  also  shows  relatively  good  agreement  between  the  new  predicted 
performance  and  that  achieved. 


Impact  Time  (sec) 

AFFT-1 

AFFT-2 

Predicted  * 

247 

210 

Sadar  Data 

No  Data 

202 

Telemetry  Data 

248 

205 

*  Based  on  revised  performance  data 

CONCLUSIONS 


Although  the  flight  data  available  for  the  Frangible  Areas 
vehicle  are  limited,  the  performance  data  obtained  from  the  two  diagnostic 
flights  indicated  that  the  original  assumptions  of  drag  data  were  slightly 
optimistic. 

Modification  of  the  original  drag  data  provided  trajectories 
that  agree  well  with  the  actual  flight  data.  The  use  of  the  new  drag  curve 
should  provide  more  accurate  prediction  of  the  Frangible  Areas  systems 
vehicle  performance. 

Although  the  new  drag  data  presented  herein  represents  the  best 
date  available  at  this  time,  its  degree  of  accuracy  cannot  be  fully 
evaluated  without  additional  flight  tests  of  the  vehicle. 
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Table  I 

Tabulation  of  Actual  Weights  of  Frangible  Areas 
Diagnostic  Flight  Vehicles 


*2238 


Component  Weights  (lb) 

AFFT-1 

AFFT- 

Motor  Case  Assembly 

16.50 

16.10 

Fin  Assembly 

1.69 

1.69 

Fin  Retaining  Screws 

0.03 

0.03 

Propellant  Grr  in  Assembly 

42.69 

42.13 

Retaining  Sleeve 

1.93 

1.93 

Timer  Assembly  (Without  Gas  Generator) 

0.60 

0.60 

63.44 

62.48 

Diagnostic  Payload 

10.10 

10.10 

73.54 

72.53 

Photograph  of  the  Frangible  ARCAS  Diagnostic  Flight  Test  Vehicles 
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Frangible  ARCAS  Trajectory  Profiles  for  10.1  lb  Payload 
Sea  Level  Launch  Without  Auxiliary  Gas  Generator  Boost 
Diagnostic  Flight  AFFT-1 


Figure  2 
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Frangible  ARCAS  Trajectory  Profiles  for  10.1  lb  Payload  Sea  Level 
Launch  Without  Auxiliary  Gas  Generator  Boost 


Figure  S 
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Figure  6 
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Frangible  Areas  Altitude  Versus  Velocity 
Diagnostic  Vehicle  AFFT-2 
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Figure  7 


FLIGHT  TIME  (sec) 


ALTITUDE  (thousands  of  feet) 


Frangible  Areas  Trajectory  Profiles  for  10.1  Pound  Payload  Sea  Level  Launch 
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Figure  9 


Frangible  Areas  Drag  Curve 
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Figure  10 
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Frangible  Areas  Trajectory  Profiles 
Critique  Number  1 
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Figure  11 
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FRANGIBLE  ARCAS  FLIGHT  TEST  RESULTS 
(SYSTEMS  VEHICLES) 
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INTRODUCTION 


The  primary  objective  of  the  Frangible  ARCAS  program  was  to 
demonstrate  the  feasibility  of  a  frangible  rocket  system  through  flight  test 
evaluation.  In  order  to  accomplish  this  objective  a  series  of  four  flight  tests 
were  conducted.  The  first  two  flights  consisted  of  the  basic  vehicle  (no 
fragmentation  system)  which  carried  a  payload  designed  to  monitor  motor 
case  skin  temperatures  during  flight.  Both  diagnostic  flights  were  success¬ 
ful,  thereby  demonstrating  airworthiness  of  the  basic  vehicle  configuration, 
establishing  skin  temperatures  during  flight  and  providing  the  flight  data  re¬ 
quired  to  establish  a  characteristic  drag  curve  for  the  vehicle  configuration. 

The  program  was  concluded  with  two  flight  tests  of  the  systems 
vehicle.  The  purpose  of  these  units  was  to  demonstrate  feasibility  of  the 
desired  vehicle  system  by  flight  test  evaluation  and  to  provide  flight  test 
data  for  determination  of  the  systems  vehicle  performance. 

This  report  presents  a  detailed  evaluation  of  the  systems  flight 
test  data  and  compares  predicted  and  actual  flight  performance. 
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SUMMARY 


Phase  ID  of  the  Frangible  ARCAS  program  included  the  flight 
testing  of  two  systems  vehicles.  The  first  flight  was  considered  a  "No  Test" 
because  of  a  malfunction  experienced  with  the  PMR  modified  launcher. 
Results  of  this  flight,  however,  did  indicate  an  increase  in  vehicle  drag 
characteristics  which  was  used  to  repredict  the  performance  of  the  final 
flight  unit. 

The  second  and  final  flight  test  of  the  systems  vehicle  was  suc¬ 
cessfully  completed  in  December  1965.  All  systems  functioned  as  program¬ 
med.  Fragmentation  was  achieved  twenty  seconds  after  payload  deployment 
at  apogee.  Radars  tracked  numerous  pieces  at  various  descent  rates.  The 
fragmented  unit  was  tracked  as  a  "cloud"  which  was  observed  to  disperse 
as  it  descended. 

GMD-1  telemetry  data  were  lost  shortly  after  liftoff,  but  success¬ 
ful  payload  deployment  was  observed  by  radar  track  and  by  physical  recovery 
of  the  payload.  The  reason  for  telemetry  signal  loss  is  not  readily  apparent. 
The  recovered  Arcasonde  payload  was  tested  and  found  to  function  normally. 
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FRANGIBLE  ARCAS  FLIGHT  TEST  RESULTS 
(SYSTEMS  VEHICLES) 


L  FABRICATION  OF  SYSTEMS  VEHICLES 

Final  assembly  of  the  Frangible  ARCAS  systems  vehicles  for 
flights  AFFT-3  and  AFFT-4  was  completed  at  PMR  on  19  and  20  May, 
respectively.  Final  assembly  consisted  of  incorporating  the  explosive  frag¬ 
mentation  system  into  the  rocket  vehicle.  The  external  sheet  explosive  was 
attached  to  the  motor  case  by  incorporating  a  silicone  adhesive  pressure 
sensitive  fiberglass  tape  as  a  base  material  onto  which  the  sheet  explosive 
was  fitted.  The  sheet  explosive  was  then  overwrapped  with  a  layer  of  alumi¬ 
num  coated,  silicone  adhesive  pressure  sensitive  tape.  Upon  installation  of 
the  explosive  module  and  initiation  units,  the  configuration  was  as  illustrated 
on  Figure  1.  Application  of  the  external  explosive  material  and  overwrap  in- 
c*"1  ~ed  the  original  vehicle  diameter  by  0.10  inch.  A  tabulation  of  actual 
we-gi :  data  for  the  two  systems  vehicles  is  presented  below. 


AFFT-3 

(lb) 

AFFT-4 

(lb) 

Motor  Case  Assembly 

16.80 

16.10 

Fin  Assembly 

1.70 

1.70 

Fin  Retaining  Screws 

0.03 

0.03 

Propellant  Grain  Assembly 

43.44 

42.63 

Retaining  Sleeve  and  Module  Housing 

2.12 

2.12 

Mechanical  Timer  Assembly 

0.70 

0.70 

Redundant  Initiator  Unit 

0.31 

0.31 

Primary  Modular  Charge 

2.08 

2.09 

Sheet  Explosive  and  Overwrap 

2.29 

2.32 

Total  Vehicle  Weight  (Less  Payload) 

69.47 

68.00 

IV- 3 


The  systems  vehicle  AFFT-3  was  fitted  with  an  inert  parachute 
section  and  an  Arcasonde  1A  telemetry  payload.  The  payload  was  of  the  same 
weight  and  center  of  gravity  location  as  the  actual  Arcasonde  system,  but  an 
inert  parachute  section  was  utilized  since  payload  ejection  was  not  planned 
during  the  first  fragmentation  systems  flight  test.  The  payload  was  retained 
intentionally  to  provide  a  back-up  method  of  detecting  fragmentation  in  the 
event  radar  track  of  the  vehicle  was  lost. 

JL  FLIGHT  TEST  AFFT-3 

Since  payload  ejection  was  not  planned  with  the  first  of  two  frag¬ 
mentation  systems  vehicles  and  because  some  difficulty  was  experienced  with 
one  of  the  mechanical  timers,  the  vehicle  AFFT-3  was  selected  to  evaluate 
the  redundant  initiator  system.  The  primary  objectives  of  the  flight,  there¬ 
fore,  were: 

a.  To  demonstrate  vehicle  fragmentation  using  the  redundant 
initiator  system. 

b.  To  evaluate  the  aerodynamic  performance  of  the  systems 
vehicle. 

A.  RESULTS 

The  flight  test  AFFT-3  was  completed  19  May  from  the  meteoro¬ 
logical  rocket  launch  complex  at  PMR*s  San  Nicolas  Island  test  site.  Launcher 
settings  and  the  effective  azimuth  and  elevation  angles  for  the  flight  are  tabu¬ 
lated  below: 

Actual  Effective 

(degree)  (degree) 

Launcher  Elevation  Setting  86  80.5 

Launcher  Azimuth  Setting  263  290 

Aerodynamic  performance  of  the  vehicle  was  satisfactory  and 
radar  track  was  maintained  throughout  the  flight  beginning  at  T  +  18  seconds. 
Radar  data,  however,  showed  an  abnormally  low  apogee  altitude  of  about 
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69,000  feet  as  compared  to  the  expected  apogee  of  135,000  feet  and  no  evi¬ 
dence  of  fragmentation  was  indicated. 

A  post-test  inspection  of  the  launcher  showed  the  access  port 
cover  plate  (see  Figure  2)  to  have  been  ejected  during  launch.  It  should  be 
noted  that  the  launcher  imparts  an  initial  velocity  to  the  vehicle  by  a  piston 
action  created  by  pressure  generated  by  the  exhaust  gases  of  the  rocket 
motor.  The  normal  ejection  velocity  attained  by  this  technique  is  150  ft/sec. 
When  an  auxiliary  gas  generator  cartridge  is  incorporated  to  increase  the 
internal  launcher  pressure,  the  initial  velocity  of  the  vehicle  is  increased  to 
about  230  ft/sec.  An  access  port  was  incorporated  in  the  launch  tube  for 
use  with  the  Frangible  ARCAS  systems  vehicles.  Although  the  use  of  this 
port  was  not  mandatory,  it  was  incorporated  as  an  additional  safety  feature 
to  allow  final  commit-to-arm  of  the  explosive  fragmentation  system  while 
the  vehicle  ?s  in  the  launch  position,  thereby  precluding  the  necessity  for 
additional  handling  of  the  vehicle.  Exposure  of  this  port  during  launch, 
however,  resulted  in  loss  of  the  internal  pressure  and  a  corresponding  de¬ 
crease  in  the  initial  velocity  imparted  to  the  vehicle.  The  decrease  in  initial 
launch  velocity  resulted  in  an  appreciable  decrease  in  apogee  altitude  for  the 
vehicle.  Examination  of  the  access  port  cover  strap  showed  the  connector 
to  have  failed  from  the  loads  experienced  during  launch. 

Failure  to  achieve  fragmentation  of  the  vehicle  was  directly  at¬ 
tributable  to  the  altitude  profile  attained.  The  redundant  initiator  required 
exposure  to  atmospheric  pressures  equivalent  to  an  altitude  of  between 
70,000  and  100,000  feet  to  become  arme  i.  Since  the  maximum  altitude  at¬ 
tained  was  only  69,000  feet,  the  system  did  not  become  armed. 

An  analysis  of  the  flight  data  shows  the  performance  attained  to 
be  the  result  of  an  abnormally  low  initial,  launch  velocity  induced  by  failure 
of  the  access  port  cover  strap  on  the  Government  modified  launch  tube  dur¬ 
ing  liftoff. 
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B.  FLIGHT  DATA  ANALYSIS 


Aii  analysis  of  the  flight  data  was  performed  to  determine  the 
actual  launch  velocity  experienced  and  confirm  that  its  effect  on  vehicle 
performance  was  in  agreement  with  the  flight  data  obtained  with  the  vehicle 
AFFT-3.  Failure  of  the  access  port  cover  plate,  however,  introduced  two 
unknown  parameters  into  the  analysis:  namely  (1)  the  actual  launch  velocity 
attained,  and  (2)  the  effective  launch  angle  attained,  hi  order  to  approximate 
the  magnitude  of  initial  launch  velocity,  VQ,  a  series  of  trajectories  at  various 
effective  launch  angles  were  compared  with  the  actual  ballistic  trajectory 
achieved. 

Figures  3  through  6  present  a  comparison  of  the  actual  flight 
trajectory  to  predicted  trajectories  at  various  effective  launch  angles  for 
initial  launch  velocities  of  150,  100,  60,  and  40  ft/ sec,  respectively.  An 
analysis  of  Figure  3  shows  the  predicted  line  of  apogee  to  approach  the  actual 
apogee  attained  with  a  decrease  in  effective  launch  angle,  but  the  QE  required 
to  provide  apogee  agreement  does  not  coincide  with  the  QE  attained.  It  was 
concluded,  therefore,  that  an  initial  launch  velocity  less  than  150  ft/sec  was 
experienced  since  no  value  of  QE  provides  agreement.  An  analysis  of 
Figure  4  provides  the  same  conclusion  for  an  initial  launch  velocity  of 
100  ft/ sec.  Figures  5  ar.d  6  show  reasonable  agreement  for  launch  velocities 
of  60  and  40  ft/sec  although  the  predicted  apogee  altitudes  were  not  fully 
attained. 

The  actual  trajectory  is  presented  in  Figures  7  through  9  in 
comparison  with  predicted  trajectories  of  various  launch  velocity  and  fixed 
QE.  An  analysis  of  these  plots  shows  that  any  one  of  the  following  combina¬ 
tions  of  VQ  and  QE  approximately  agree  with  the  flight  data. 

Initial  Launch  Velocity  Effective  Launch  Angle 

_ (ft/sec) _  _ (degree) _ 
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It  was  noted,  however,  that  the  actual  apogee  altitude  achieved  was 
consistently  less  than  predicted  for  these  conditions  by  about  10  to  15  per  cent. 
It  was  further  observed  that  the  vehicle  velocity-time  relationship  {Figure  10) 
and  altitude-velocity  relationship  (Figure  11)  were  consistently  below  that 
predicted.  Although  these  relationships  are  characteristic  of  an  error  in  the 
drag  data,  the  drag  curve  established  for  the  vehicle  configuration  during  the 
diagnostic  flights  were  believed  to  be  accurate.  Any  error  experienced  as  a 
result  of  drag,  therefore,  could  be  evaluated  with  respect  to  drag  reference 
area.  Although  the  normal  characteristic  reference  area  is  that  of  the  body 
cross  section,  it  was  considered  likely  that  the  effective  drag  reference  area 
characterizing  the  Frangible  ARCAS  vehicle  may  be  increased  because  of 
turbuient  flow  conditions,  skin  friction  or  other  factors  influencing  vehicle 
drag  as  related  to  the  sheet  explosive  overwrap. 

C.  AFFT-3  CRITIQUE 

A  series  of  trajectories  were  computed  with  the  drag  reference 

2  2 

area  increased  from  0.126  ft  to  0.151  ft  .  Figures  12  through  15  show  the 
effect  of  initial  launch  velocity  cn  apogee  altitude  and  impact  range  at  various 
effective  launch  angles.  Although  reasonable  agreements  are  obtained  in  all 
cases  presented,  the  degree  of  error  experienced  increases  with  launch 
velocities  above  60  ft/sec.  An  analysis  of  these  trajectories  shows  the  con¬ 
ditions  which  most  satisfactorily  agree  with  the  flight  data  is  an  initial  launch 
velocity  of  60  ft/sec  at  a  QE  of  60.5  degrees.  A  plot  of  vehicle  velocity 
versus  flight  time  (Figure  16)  and  altitude  versus  velocity  (Figure  17),  also 
show  reasonably  good  agreement.  A  further  adjustment  in  drag  reference 
area  during  the  powered  phase  of  flight  would  provide  a  more  accurate  agree¬ 
ment  between  predicted  and  actual  data.  However,  the  accuracy  attained  cm 
the  basis  of  this  one  flight  was  considered  sufficient  to  show  that  the  decrease 
in  vehicle  performance  was  attributed  to  loss  of  the  access  port  cover  plate 
during  launch.  The  data  generated  by  this  analysis  also  provide  sufflcient 
agreement  with  the  flight  data,  as  tabulated  below,  to  indicate  that  the  initial 
launch  velocity  experienced  with  the  vehicle  AFFT-3  was  about  60  ft/sec. 
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Predicted 

Actual 

Per  Cent 
Error 

Apogee  Altitude,  ft 

70,000 

68,602 

-2.00 

Apogee  Range,  ft 

66,000 

64,156 

-2.80 

Impact  Range,  ft 

110,000 

105,300 

-4.30 

Time  to  Apogee,  sec 

71.0 

70.6 

-0.60 

Burnout  Velocity,  ft/ sec 

2660 

2540 

-4.50 

Time  to  Impact,  sec 

157 

159 

+1.28 

D.  CONCLUSIONS 

1.  Although  the  AFFT-3  flight  data  analysis  and  critique  showed 
the  vehicle  to  have  an  apparent  effective  drag  reference  area  somewhat 
greater  than  originally  predicted,  it  provided  conclusive  evidence  that  the 
actual  initial  launch  velocity  experienced  was  only  about  60  ft/sec  as  com¬ 
pared  to  the  expected  velocity  of  230  ft/sec.  Furthermore,  the  critique  data 
showed  the  actual  vehicle  performance  with  a  60  ft/sec  launch  velocity  to  be 
as  anticipated. 

2.  The  launch  parameters  predicted  and  attained  were: 


Actual 

Effective 

Predicted 

Effective 

Attained 

Launcher  Elevation  Setting,  deg 

86 

80.5 

80.5 

Launcher  Azimuth  Setting,  deg 

263 

290 

280 

Launcher  Velocity,  ft/ sec 

230 

60 

DL  FLIGHT  TEST  AFFT-4 

This  unit  was  the  second  and  final  systems  vehicle  to  be  flight 
tested  in  the  program.  It  incorporated  both  the  primary  and  the  redundant 
fragmentation  initiation  systems.  Hie  payload  consisted  of  a  standard 
Area  sonde  1A  telemetry  package  and  a  15-foot  diameter  silk  parachute  with 
a  nonreflective  surface  finish.  A  nonreflective  parachute  was  used  to  aid  in 
radar  tracking  of  the  spent  rocket  motor  assembly  after  payload  ejection 
since  radar  data  was  to  be  used  for  determining  the  fragmentation  event. 
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Determination  of  successful  payload  ejection  was  to  be  determined  primarily 
by  GMD-1  tracking  of  the  payload  telemetry  signal  during  descent. 

The  primary  objective  of  this  final  flight  test  was  to  demonstrate 
the  feasibility  of  a  frangible  meteorological  rocket  system,  which  was  also 
the  primary  objective  of  the  program.  Secondary  objectives  of  this  flight 
were  to  evaluate  general  flight  performance  and  aerodynamic  characteristics 
of  the  systems  vehicle. 

A.  RESULTS 

The  final  flight  test  AFFT-4  was  completed  21  December,  1965 
at  the  meteorological  rocket  launch  complex  at  PMR's  San  Nicolas  Island 
test  site.  Radar  data  showed  normal  flight  performance  through  an  apogee 
altitude  of  130,000  feet  at  which  time  payload  ejection  was  observed.  The 
payload  telemetry  signal  was  lost  during  vehicle  ascent,  consequently  no 
GMD-1  data  were  obtained  during  payload  descent.  However,  successful 
payload  ejection  was  determined  by  both  radar  observation  and  physical 
recovery  of  the  payload.  Failure  of  the  GMD-1  to  maintain  track  is  not 
readily  apparent.  It  should  be  noted  that  the  recovered  payload  was  tested 
and  found  to  function  properly.  Successful  radar  tracking  of  the  descending 
rocket  motor  assembly  was  maintained  after  payload  ejection. 

Fragmentation  was  induced  by  the  primary  system  (mechanical 
timer  unit)  at  about  T  +  121  seconds  at  an  altitude  of  123,000  feet,  or  payload 
ejection  plus  20  seconds,  as  programmed.  One  piece,  undoubtedly  the  nozzle/ 
fin  section  of  the  motor  assembly,  was  tracked  to  impact  at  approximately 
the  normal  descent  velocity.  With  the  exception  of  this  piece  which  was  not 
expected  to  fragment,  radar  observation  showed  a  "cloud”  of  particles  mth 
varying  descent  rates.  Radar  track  of  various  pieces  was  maintained  and 
the  "cloud”  was  observed  to  disperse  as  it  descended.  Except  for  the  ex¬ 
treme  aft  end  of  the  vehicle,  which  was  not  prepared  for  fragmentation  on 
this  final  unit,  all  indications  were  that  the  degree  of  fragmentation  attained 
was  the  same  as  that  achieved  during  tests  conducted  earlier  in  the  program; 
i.e.,  less  than  3.0  ft- lb  of  impact  kinetic  energy. 
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B.  FLIGHT  DATA  ANALYSIS 


An  analysis  of  the  flight  data  was  conducted  to  compare  the  actual 
flight  performance  with  that  predicted.  A  plot  of  the  actual  trajectory  pro¬ 
file  is  shown  on  Figure  18  in  comparison  with  the  predicted  curves  at  various 
effective  launch  angles.  This  comparison  shows  good  agreement  between  the 
actual  and  predicted  data,  which  was  based  on  an  increased  drag  reference 
area  as  determined  from  the  previous  flight,  AFFT-3.  As  observed  from 
this  comparison,  the  effective  launch  angle  was  84.9  degrees  and  the  flight 
data  shows  that  the  apogee  altitude  achieved  was  only  about  1.8  per  cent 
greater  than  that  predicted.  A  comparison  of  actual  and  predicted  vehicle 
velocity  on  Figure  19  shows  the  flight  unit  to  lag  the  velocity  profile  pre¬ 
dicted  for  a  nominal  burning  time  of  30  seconds.  It  should  be  noted,  however, 
that  the  flight  data  show  an  actual  burning  time  of  about  33  seconds  and  a 
maximum  velocity  close  to  that  predicted. 

An  increased  motor  burning  time.  Which  is  characteristic  of  a 
conditioning  temperature  less  than  the  70°F  nominal,  produces  a  corres¬ 
ponding  decrease  in  thrust.  Ibis  condition  is  further  characterized  by  the 
lag  experienced  in  the  vehicle  velocity-altitude  comparison  shown  on 
Figure  20. 

The  longer- than-nominal  burning  time  was  confirmed  by  compar¬ 
ing  the  actual  vehicle  velocity  profile  to  that  predicted  for  a  33- second  burn¬ 
ing  time.  Figure  19.  Good  agreement  in  all  aspects  of  flight  performance 
was  achieved  when  the  33- second  burning  time  was  considered.  It  should  be 
noted  that  this  burning  time  corresponds  to  a  conditioning  temperature  of 
about  4G*F.  A  tabulation  of  predicted  and  actual  flight  parameters  is  pre¬ 
sented  below: 
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Burning  time  =  33  sec 


Parameter 

Predicted 

Actuala 

Burnout  Velocity,  ft/sec 

2867 

2750 

Burnout  Altitude,  ft 

48,470 

49,000 

Apogee  Altitude,  ft 

129,800 

129,700 

Apogee  Range,  ft 

47,580 

45,000 

Time  to  Apogee,  sec 

102 

101 

a.  AFFT-4  Radar  Data. 

A  tabulation  of  vehicle  performance  data  for  a  burning  time  of 
33  seconds  is  presented  on  Table  I.  The  actual  trajectory  profile  for  flight 
AFFT-4  showing  the  sequence  of  events  and  track  cf  several  fragmented 
particles  is  presented  on  Figure  21. 

C.  CONCLUSIONS 

Ejection  of  the  access  port  door  from  the  launch  tube  during  flight 
AFFT-3  provided  an  ejection  velocity  of  only  about  SO  ft/sec  and  resulted  in 
a  significant  reduction  of  vehicle  performance.  Although  the  flight  was  con¬ 
sidered  a  "No  Test,"  the  increase  in  vehicle  drag  characteristics  derived 
from  the  flight  data  provided  accurate  predicted  performance  for  the  second 
systems  vehicle. 

Flight  performance  of  the  second  and  final  systems  vehicle 
(Flight  AFFT-4)  was  close  to  that  predicted  considering  the  33- second 
burning  time  experienced.  The  33- second  burning  time  was  attributed  to  a 
motor  conditioning  temperature  of  about  40°F. 

The  successful  performance  of  the  systems  flight  test  vehicle 
AFFT-4  demonstrated  the  feasibility  of  a  frangible  meteorological  rocket 
vehicle.  Radar  data  indicated  fragmentation  as  programmed. 
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Figure  6 
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